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(54) Tunable spinal implant and apparatus for its post-operative tuning 



(57) A tunable implant, system, and method enables 
a tunable implant (302) to be adjusted within a patient. 
The tunable implant includes a securing mechanism 
(308,310) to secure the implant in the patient, a actua- 
tion portion that enables the implant to move and an ad- 
justment portion that permits adjustment of the implant 
after the implant has been positioned within the patient. 
The method of adjusting the tunable implant includes 
analyzing the operation of the implant, determining if 



any adjustments are necessary and adjusting the im- 
plant to improve implant performance. The implant sys- 
tem includes both the tunable implant and a telemetric 
system (378,384) that is operable to telemetrically re- 
ceive data from the tunable implant where the data is 
used to determine if adjustment of the tunable implant 
is necessary. The system also includes an instrument 
assembly that is used for performing spinal surgery 
where the instrument assembly includes a mounting 
platform (268) and a jig (270). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to ad- 
justing or tuning an implant, and more specifically, to 
pre-operative planning to select an implant and tech- 
nique and post-operative tuning of the implant by a tel- 
emetric or a minimally invasive procedure. 

BACKGROUND OF THE INVENTION 

[0002] Image guided medical and surgical proce- 
dures utilize patient images obtained prior to or during 
a medical procedure to guide a physician performing the 
procedure. Recent advances in imaging technology, es- 
pecially in imaging technologies that produce highly-de- 
tailed, computer-generated two, three and four-dimen- 
sional images, such as computed tomography (CT), 
magnetic resonance imaging (MRI), isocentric C-arm 
fluoroscopic imaging, fluoroscopes or ultrasounds have 
increased the interest in image guided medical proce- 
dures. During these image guided medical procedures, 
the area of interest of the patient that has been imaged 
is displayed on a display. Surgical instruments and/or 
implants that are used during this medical procedure are 
tracked and superimposed onto this display to show the 
location of the surgical instrument relative to the area of 
interest in the body. 

[0003] Other types of navigation systems operate as 
an image-less system, where an image of the body is 
not captured by an imaging device prior to the medical 
procedure. With this type of procedure, the system may 
use a probe to contact certain landmarks in the body, 
such as landmarks on bone, where the system gener- 
ates either a two-dimensional or three-dimensional 
model of the area of interest based upon these contacts. 
This way, when the surgical instrument or other object 
is tracked relative to this area, they can be superim- 
posed on this model. 

[0004] Most types of orthopedic medical procedures 
are performed using conventional surgical techniques. 
These techniques generally involve opening the patient 
in a relatively invasive manner to provide adequate 
viewing by the surgeon during the medical procedure. 
These types of procedures, however, generally extend 
the recovery period for the patient due to the extent of 
soft tissue and muscular incisions resulting from the 
medical procedure. Use of image guided technology in 
orthopedic medical procedures would enable a more 
minimally invasive type of procedure to be performed to 
thereby reduce the overall recovery time and cost of the 
procedure. Use of the image guided procedure may also 
enable more precise and accurate placement of an im- 
plant within the patient. 

[0005] Once the implant has been surgically posi- 
tioned within the patient, the patient's surrounding anat- 
omy generally heals over time with the surrounding skel- 



etal and muscular structure regaining a healthy state. 
However, since the implant is generally implanted when 
the patient is dysfunctional, this muscular and skeletal 
adjustment or healing may effect the subsequent range 

5 of motion, effectiveness, life expectancy of the implant, 
performance of the implant, and potentially cause dete- 
rioration of surround discs or implants. For example, in 
a spinal implant, upon the abdominal and back muscles 
strengthening after the implant procedure, the spine 

10 may subsequently align. This alignment may result in 
the implant or articulation faces of the implant being im- 
pinged because of the resultant alignment. This may re- 
sult in a revision-type surgery that requires the implant 
to be removed and a subsequent implant being reposi- 

15 tioned at the implant site. 

[0006] The surgical procedures performed during or- 
thopedic medical procedures, including spinal proce- 
dures, require the use of various instruments, assem- 
blies and jigs to perform the procedure. Typically, jigs 

20 are used to support a single instrument that must be at- 
tached to the area of interest when the instrument is be- 
ing used. Multiple jigs are thus typically required to be 
attached and removed from the area of interest as the 
procedure progresses. Use of multiple jigs and instru- 

25 ments, along with attaching and reattaching to the area 
of interest provides for a tedious and time consuming 
procedure. Moreover, inherent inaccuracies due to this 
procedure may provide less than acceptable results. 
[0007] It is, therefore, desirable to provide a method 

30 and apparatus for post-operative adjustment or tuning 
of an implant, such as a spinal implant using telemetric 
or minimally invasive techniques. It is also desirable to 
provide an instrument assembly that may be attached 
to the implant site, such as a spinal implant site, once 

35 during the entire procedure, thereby reducing surgical 
time, costs, as well as increasing surgical accuracy. It 
is, therefore, an object of the present invention to pro- 
vide such methods and apparatus for use in medical 
procedures. 

40 

SUMMARY OF THE INVENTION 

[0008] In accordance with the teachings of the 
present invention, a tunable implant, system, method 
45 and associated instruments for use in implanting and 
adjusting the tunable implant after the implant has been 
positioned within the patient is disclosed. The tunable 
implant may be any type of implant, such as a spinal 
implant. 

50 [0009] In one embodiment, a method for tuning an im- 
plant positioned within a patient is provided. This meth- 
od includes analyzing the operation of the implant that 
is positioned within the patient, determining if any ad- 
justment of the implant is necessary, and adjusting the 

55 implant with the implant positioned within the patient to 
improve implant performance. 

[0010] In another embodiment, a tunable implant is 
positioned within the patient. The tunable implant in- 
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eludes a securing mechanism that is used to secure the 
implant within the patient. An actuation portion is used 
to permit the tunable implant to move. An adjustment 
portion is used to permit adjustment of the tunable im- 
plant after the tunable implant is positioned within the 
patient. 

[0011] . In yet another embodiment, a tunable implant 
system for use in adjusting a tunable implant of a patient 
is provided. This tunable implant system includes a tun- 
able implant having an adjustable portion that is opera- 
ble to permit adjustment of the tunable implant after the 
implant is positioned within the patient. A telemetric sys- 
tem is provided and operable to telemetrically receive 
data from the tunable implant where the data is used to 
determine adjustment of the tunable implant. 
[0012] Still another embodiment, an instrument as- 
sembly for use in performing spinal surgery is provided. 
'This instrument includes a mounting platform operable 
"to be positioned adjacent to vertebrae. The instrument 
assembly also includes a jig that is operable to be re- 
"movably attached to the mounting platform. The jig is 
also operable to support an instrument used during the 
spinal surgery. 

[0013] The invention also relates to a display, a navi- 
gation system and a method for guiding a medical de- 
vice to a target in a patient during a medical procedure, 
also new to the art. 

[0014] Further areas of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion provided hereinafter. It should be understood that 
the detailed description and specific examples, while in- 
dicating the preferred embodiment of the invention, are 
intended for purposes of illustration only and are not in- 
tended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention will become more fully 
understood from the detailed description and the ac- 
companying drawings, wherein: 

- [0016] Figure 1 is a diagram of a navigation system 
employing a display according to the teachings of the 
present invention; 

**[G017] Figures 2a and 2b are diagrams representing 
" undistorted and distorted views of a fluoroscopic C-arm 
imaging device; 

[0018] Figures 3a and 3b is a logic block diagram il- 
lustrating a method for employing the display according 
to the teachings of the present invention; 
" [0019] Figures 4a-4e illustrate a medical procedure 
employing the display according to the teachings of the 

- present invention; 

- [0020] Figure 5 is a figure of the display according to 
the teachings of the present invention; 

[0021] Figure 6 is a split screen view of the display 
according to the teachings of the present invention; 
[0022] Figure 7 is an additional split screen view of 
the display according to the teachings of the present in- 



vention; ^ 
[0023] Figures 8a-8g illustrate another medical pro- 
cedure employing the display according to the teachings 
of the present invention; 

5 [0024] Figure 9 is an illustration of a dual display ac- 
cording to the teachings of the present invention; 
[0025] Figure 1 0 is a logic block diagram illustrating a 
method for pre-operative planning and post-operative 
exam and tuning of an implant according to the teach- 

10 jngs of the present invention; 

[0026] Figure 11 is a perspective view of a platform 
and jig used in a minimally invasive surgical navigation 
spinal procedure; 

[0027] Figure 12 is a perspective view of the jig that 
15 js operable to be attached to the platform of Figure 11 ; 
[0028] Figure 1 3 is a side view of a cervical disc im- 
plant having a minimally invasive adjustment mecha- 
nism; 

[0029] Figure 14 is a side view of a cervical disc im- 
20 plant having a telemetric adjustment mechanism;. 

[0030] Figure 15 illustrates an implant of Figures 14 
and 15 implanted into a spine; 

[0031] Figure 16 is a side cross-sectional view of a 
cervical disc implant according to the teachings of the 
25 present invention; 

[0032] Figures 1 6a-1 6c are an unfolded and partially 
folded view of other embodiment of a cervical disc im- 
plant according to the teachings of the present inven- 
tion; 

30 [0033] Figure 1 7 is a side cross-sectional view of an- 
other cervical disc implant according to the teachings of 
the present invention; 

[0034] Figure 1 8 illustrates a cervical disc system em- 
ploying multiple cervical disc implants according to the 

35 teachings of the present invention; 

[0035] Figure 1 9 illustrates a transmit/receive module 
used during the motion analysis study of a patient ac- 
cording to the teachings of the present invention; and 
[0036] Figure 20 illustrates a home based transmit/re- 

40 ceive module used for a motion analysis study accord- 
ing to the teachings of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 

[0037] The following description of the embodiment 
(s) is merely exemplary in nature and is in no way in- 
tended to limit the invention, its application, or uses. 
Moreover, while the invention is discussed in detail be- 
so low in regard to orthopedic/spinal surgical procedures, 
the present invention may be used with any type of med- 
ical procedure, including orthopedic, cardiovascular, 
neurovascular, soft tissue procedures, or any other 
medical procedures. 
55 [0038] Figure 1 is a diagram illustrating a five or six 
degree of freedom (5 or 6 DOF) alignment display 10 
employed with an image guided navigation system 12 
for use in navigating a surgical instrument or implant 
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during a medical procedure. It should also be noted that 
the display 10 may be used or employed in an image- 
less based navigation system, further discussed herein. 
The navigation system 12 may be used to navigate any 
type of instrument or delivery system, such as a reamer, 
impactor, cutting block, saw blade, catheter, guide 
wires, needles, drug delivery systems, and cell delivery 
systems. The navigation system 12 may also be used 
to navigate any type of implant including orthopedic im- 
plants, spinal implants, cardiovascular implants, neu- 
rovascular implants, soft tissue implants, or any other 
devices implanted in a patient 14. The navigation sys- 
tem 1 2 may also be used to navigate implants or devices 
that are formed as an assembly or from multiple com- 
ponents where the location and orientation of each com- 
ponent is dependent upon one another to be effective 
in its use. For example, during a spinal procedure, the 
display may be used to track and align a spinal screw 
with a spinal rod to insure attachment of each device. 
[0039] The navigation system 12 includes an imaging 
device 16 that is used to acquire pre-operative or real- 
time images of the patient 14. The imaging device 16 is 
a fluoroscopic C-arm x-ray imaging device that includes 
a C-arm 1 8, an x-ray source 20, an x-ray receiving sec- 
tion 22, an optional calibration and tracking target 24 
and optional radiation sensors 26. The optional calibra- 
tion and tracking target 24 includes calibration markers 
28 (see Figures 2a-2b) 5 further discussed herein. A C- 
arm controller 30 captures the x-ray images received at 
the receiving section 22 and stores the images for later 
use. The C-arm controller 30 may also control the rota- 
tion of the C-arm 18. For example, the C-arm 18 may 
move in the direction of arrow 32 or rotate about the long 
axis of the patient 14, allowing anterior or lateral views 
of the patient 14 to be imaged. Each of these move- 
ments involve rotation about a mechanical axis 34 of the 
C-arm 18. In this example, the long axis of the patient 
14 is substantially in line with the mechanical axis 34 of 
the C-arm 1 8. This enables the C-arm 1 8 to be rotated 
relative to the patient 14, allowing images of the patient 
1 4 to be taken from multiple directions or about multiple 
planes. An example of a fluoroscopic C-arm x-ray imag- 
ing device 16 is the "Series 9600 Mobile Digital Imaging 
System," from OEC Medical Systems, Inc., of Salt Lake 
City, Utah. Other exemplary fluoroscopes include bi- 
plane fluoroscopic systems, ceiling fluoroscopic sys- 
tems, cath-lab fluoroscopic systems, fixed C-arm fluor- 
oscopic systems, etc. 

[0040] In operation, the imaging device 1 6 generates 
x-rays from the x-ray source 20 that propagate through 
the patient 14 and calibration and/or tracking target 24, 
into the x-ray receiving section 22. The receiving section 
22 generates an image representing the intensities of 
the received x-rays. Typically, the receiving section 22 
includes an image intensifier that first converts the x- 
rays to visible light and a charge coupled device (CCD) 
video camera that converts the visible light into digital 
images. Receiving section 22 may also be a digital de- 



vice that converts x-rays directly to digital images, thus 
potentially avoiding distortion introduced by first con- 
verting to visible light. With this type of digital C-arm, 
which is generally a flat panel device, the calibration 

5 and/or tracking target 24 and the calibration process dis- 
cussed below may be eliminated. Also, the calibration 
process may be eliminated for different types of medical 
procedures. Alternatively, the imaging device 16 may 
only take a single image with the calibration and tracking 

10 target 24 in place. Thereafter, the calibration and track- 
ing target 24 may be removed from the line-of-sight of 
the imaging device 16. 

[0041 ] Two dimensional fluoroscopic images taken by 
the imaging device 16 are captured and stored in the C- 

15 arm controller 30. These images are forwarded from the 
C-arm controller 30 to a controller or work station 36 
having the display 10 that may either include a single 
display 1 0 or a dual display 10 and a user interface 38. 
The work station 36 provides facilities for displaying on 

20 the display 1 0, saving, digitally manipulating, or printing 
a hard copy of the received images, as well as the five 
or six degree of freedom display. The user interface 38, 
which may be a keyboard, joy stick, mouse, touch pen, 
touch screen or other suitable device allows a physician 

25 or user to provide inputs to control the imaging device 
1 6, via the C-arm controller 30, or adjust the display set- 
tings, such as safe zones of the display 10, further dis- 
cussed herein. The work station 36 may also direct the 
C-arm controller 30 to adjust the rotational axis 34 of the 

30 C-arm 18 to obtain various two-dimensional images 
along different planes in order to generate representa- 
tive two-dimensional and three-dimensional images. 
When the x-ray source 20 generates the x-rays that 
propagate to the x-ray receiving section 22, the radiation 

35 sensors 26 sense the presence of radiation, which is for- 
warded to the C-arm controller 30. to identify whether 
or not the imaging device 16 is actively imaging. This 
information is also transmitted to a coil array controller 
48, further discussed herein. Alternatively, a person or 

40 physician may manually indicate when the imaging de- 
vice 16 is actively imaging or this function can be built 
into the x-ray source 20, x-ray receiving section 22, or 
the control computer 30. 

[0042] Fluoroscopic C-arm imaging devices 16 that 
45 do not include a digital receiving section 22 generally 
require the calibration and/or tracking target 24. This is 
because the raw images generated by the receiving 
section 22 tend to suffer from undesirable distortion 
caused by a number of factors, including inherent image 
50 distortion in the image intensifier and external electro- 
magnetic fields. An empty undistorted or ideal image 
and an empty distorted image are shown in Figures 2a 
and 2b, respectively. The checkerboard shape, shown 
in Figure 2a, represents the ideal image 40 of the check- 
55 erboard arranged calibration markers 28. The image 
taken by the receiving section 22, however, can suffer 
from distortion, as illustrated by the distorted calibration 
marker image 42, shown in Figure 2b. 
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[0043] Intrinsic calibration, which is the process of 
correcting image distortion in a received image and es- 
tablishing the projective transformation for that image, 
involves placing the calibration markers 28 in the path 
of the x-ray, where the calibration markers 28 are 
opaque or semi-opaque to the x-rays. The calibration 
markers 28 are rigidly arranged in p re-determined pat- 
terns in one or more planes in the path of the x-rays and 
are visible in the recorded images. Because the true rel- 
ative position of the calibration markers 28 in the record- 
ed images are known, the C-arm controller 30 or the 
work station or computer 36 is able to calculate an 
amount of distortion at each pixel in the image (where 
a pixel is a single point in the image). Accordingly, the 
computer or work station 36 can digitally compensate 
for the distortion in the image and generate a distortion- 
free or at least a distortion improved image 40 (see Fig- 
ure 2a) . A more detailed explanation of exemplary meth- 
ods for performing intrinsic calibration are described in 
the references: B. Schuele, et al., "Correction of Image 
Interisifier Distortion for Three-Dimensional Recon- 
struction," presented at SPIE Medical Imaging, San Di- 
ego; California, 1 995; G. Charripleboux, et al., "Accurate 
Calibration of Cameras and Range Imaging Sensors: 
the NPBS Method," Proceedings of the IEEE Interna- 
tional Conference on Robotics and Automation, Nice, 
France, May, 1992; and U.S. Patent No. 6,118,845, en- 
titled "System And Methods For The Reduction And 
Elimination Of Image Artifacts In The Calibration Of 
X-Ray Imagers," issued September 12, 2000, the con- 
tents of which are each hereby incorporated by refer- 
ence. 

[0044] While the fluoroscopic C-arm imaging device 
16 is shown in Figure 1, any other alternative imaging 
modality may also be used or an image-less based ap- 
plication may also be employed, as further discussed 
herein. For example, isocentric fluoroscopy, bi-plane 
fluoroscopy, ultrasound, computed tomography (CT), 
multi-slice computed tomography (MSCT), magnetic 
resonance imaging (MRI). high frequency ultrasound 
(HIFU), optical coherence tomography (OCT), intra- 
vascular ultrasound (IVUS), 2D; 3D or 4D ultrasound, 
intraoperative CT, MRI, or O-arms having single ormulti 
flat panels receivers that move about the ring to acquire 
fluoroscopic images may also be used to acquire pre- 
operative or real-time images or image data of the pa- 
tient 14. Image datasets from hybrid modalities, such as 
positron emission tomography (PET) combined with CT, 
or* -single photon emission computer tomography 
(SPECT) combined with CT, could also provide f unction- 
alimage data superimposed onto anatomical data to be 
used to confidently reach target sights within the areas 
of interest. It should further be noted that the fluoroscop- 
ic C-arm imaging device 16, as shown in Figure 1 , pro- 
vides a virtual bi-plane image using a single-head C-arm 
f luoroscope 1 6 by simply rotating the C-arm 1 8 about at 
least two planes, which could be orthogonal planes to 
generate two-dimensional images that can be convert- 



ed to three-dimensional volumetric images that can be 
displayed on the six degree of freedom display 1 0. 
[0045] The navigation system 12 further includes an 
electromagnetic navigation or tracking system 44 that 

5 includes a transmitter coil array 46, the coil array con- 
troller 48, a navigation probe interface 50, an instrument 
52 having an electromagnetic tracker and a dynamic ref- 
erence frame 54. It should further be noted that the en- 
tire tracking system 44 or parts of the tracking system 

10 44 may be incorporated into the imaging device 16, in- 
. eluding the work station 36 and radiation sensors 26. 
Incorporating the tracking system 44 will provide an in- 
tegrated imaging and tracking system. Any combination 
of these components may also be incorporated into the 

15 imaging system 16 : which again can include a fluoro- 
scopic C-arm imaging device or any other appropriate 
imaging device. Obviously, if an image-less procedure 
is performed, the navigation and tracking system 44 will 
be a stand alone unit. 

20 [0046] The transmitter coil array 46 is shown attached 
to the receiving section 22 of the C-arm 18. However, it 
should be noted that the transmitter coil array 46 may 
also be positioned at any other location as well, partic- 
ularly if the imaging device 16 is not employed. For ex- 

25 ample, the transmitter coil array 46 may be positioned 
at the x-ray source 20, within the OR table 56 positioned 
below the patient 14, on siderails associated with the 
OR table 56, or positioned on the patient 14 in proximity 
to the region being navigated, such as by the patient's 

30 pelvic area. The transmitter coil array 46 includes a plu- 
rality of coils that are each operable to generate distinct 
electromagnetic fields into the navigation region of the 
patient 14, which is sometimes referred to as patient 
space. Representative electromagnetic systems are set 

35 forth in U.S. Patent No. 5,913,820, entitled "Position Lo- 
cation System," issued June 22, 1999 and U.S. Patent 
No. 5,592,939, entitled "Method and System for Navi- 
gating a Catheter Probe," issued January 14, 1997, 
each of which are hereby incorporated by reference. 

40 [0047] The transmitter coil array 46 is controlled or 
driven by the coil array controller 48. The coil array con- 
troller 48 drives each coil in the transmitter coil array 46 
in a time division multiplex or a frequency division mul- 
tiplex manner. In this regard, each coil may be driven 

45 separately at a distinct time or all of the coils may be 
driven simultaneously with each being driven by a dif- 
ferent frequency. Upon driving the coils in the transmitter 
coil array 46 with the coil array controller 48, electro- 
magnetic fields are generated within the patient 14 in 

50 the area where the medical procedure is being per- 
formed, which is again sometimes referred to as patient 
space. The electromagnetic fields generated in the pa- 
tient space induces currents in sensors 58 positioned in 
the instrument 52, further discussed herein. These in- 

55 duced signals from the instrument 52 are delivered to 
the navigation probe interface 50 and subsequently for- 
warded to the coil array controller 48. The navigation 
probe interface 50 provides all the necessary electrical 
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isolation for the navigation system 12. The navigation 
probe interface 50 also includes amplifiers, filters and 
buffers required to directly interface with the sensors 58 
in instrument 52. Alternatively, the instrument 52 may 
employ a wireless communications channel as opposed 
to being coupled directly to the navigation probe inter- 
face 50. 

[0048] The instrument 52 is equipped with at least 
one, and may include multiple localization sensors 58. 
In this regard, the instrument 52 may include an orthog- 
onal pair coil sensor 58 or a tri-axial coil sensor 58 or 
multiple single coil sensors 58 positioned about the in- 
strument 52. Here again, the instrument 52 may be any 
type of medical instrument or implant. For example, the 
instrument may be a catheter that can be used to deploy 
a medical lead, be used for tissue ablation, or be used 
to deliver a pharmaceutical agent. The instrument 52 
may also be an orthopedic instrument, used for an or- 
thopedic procedure, such as reamers, impactors, cut- 
ting blocks, saw blades, drills, etc. The instrument 52 
may also be any type of neurovascular instrument, car- 
diovascular instrument, soft tissue instrument, etc. Fi- 
nally, the instrument 52 may be an implant that is 
tracked, as well as any other type of device positioned 
and located within the patient 14. These implants can 
include orthopedic implants, neurovascular implants, 
cardiovascular implants, soft tissue implants, or any oth- 
er devices that are implanted into the patient 1 4. Partic- 
ularly, implants that are formed from multiple compo- 
nents where the location and orientation of each com- 
ponent is dependent upon the location and orientation 
of the other component, such that each of these com- 
ponents can be tracked or navigated by the navigation 
and tracking system 44 to be displayed on the six degree 
of freedom display 10. 

[0049] In an alternate embodiment, the electromag- 
netic sources or generators may be located within the 
instrument 52 and one or more receiver coils may be 
provided externally to the patient 14 forming a receiver 
coil array similar to the transmitter coil array 46. In this 
regard, the sensor coils 58 would generate electromag- 
netic fields, which would be received by the receiving 
coils in the receiving coil array similar to the transmitter 
coil array 46. Other types of localization ortracking may 
also be used with other types of navigation systems, 
which may include an emitter, which emits energy, such 
as light, sound, or electromagnetic radiation, and a re- 
ceiver that detects the energy at a position away from 
the emitter. This change in energy, from the emitter to 
the receiver, is used to determine the location of the re- 
ceiver relative to the emitter. These types of localization 
systems include conductive, active optical, passive op- 
tical, ultrasound, sonic, electromagnetic, etc. An addi- 
tional representative alternative localization and track- 
ing system is set forth in U.S. Patent No. 5,983,126, en- 
titled "Catheter Location System and Method," issued 
November 9, 1999, which is hereby incorporated by ref- 
erence. Alternatively, the localization system may be a 



hybrid system that includes components from various 
systems. 

[0050] The dynamic reference frame 54 of the elec- 
tromagnetic tracking system 44 is also coupled to the 

5 navigation probe interface 50 to forward the information 
to the coil array controller 48. The dynamic reference 
frame 54 is a small magnetic field detector or any other 
type of detectorAransmitter that is designed to be fixed 
to the patient 14 adjacent to the region being navigated 

10 so that any movement of the patient 14 is detected as 
relative motion between the transmitter coil array 46 and 
the dynamic reference frame 54. This relative motion is 
forwarded to the coil array controller 48, which updates 
registration correlation and maintains accurate naviga- 

15 tion, further discussed herein. The dynamic reference 
frame 54 can be configured as a pair of orthogonally ori- 
ented coils, each having the same center or may be con- 
figured in any other non-coaxial coil configuration. The 
dynamic reference frame 54 may be affixed externally 

20 to the patient 14, adjacent to the region of navigation, 
such as the patient's spinal region, as shown in Figure 
1 or on any other region of the patient. The dynamic ref- 
erence frame 54 can be affixed to the patient's skin, by 
way of a stick-on adhesive patch. The dynamic refer- 

25 ence frame 54 may also be removably attachable to fi- 
ducial markers 60 also positioned on the patient's body 
and further discussed herein. 

[0051] Alternatively, the dynamic reference frame 54 
may be internally attached, for example, to the spine or 
30 vertebrae of the patient using bone screws that are at- 
tached directly to the bone. This provides increased ac- 
curacy since this will track any motion of the bone. More- 
over, multiple dynamic reference frames 54 may also be 
employed to track the position of two bones relative to 
35 a joint. For example, one dynamic reference frame 54 
may be attached to a first vertebra, while a second dy- 
namic reference frame 54 may be attached to a second 
vertebra. In this way, motion of the spine or vertebrae 
may be detected by the dual dynamic reference frames 
40 54. An exemplary dynamic reference frame 54 and fidu- 
cial marker 60, is set forth in U.S. Patent No. 6,381 ,485, 
entitled "Registration of Human Anatomy Integrated for 
Electromagnetic Localization," issued April 30, 2002, 
which is hereby incorporated by reference. 
45 [0052] Briefly, the navigation system 12 operates as 
follows. The navigation system 12 creates a translation 
map between all points in the radiological image gener- 
ated from the imaging device 1 6 and the corresponding 
points in the patient's anatomy in patient space. After 
so this map is established, whenever a tracked instrument 
52 is used, the work station 36 in combination with the 
coil array controller 48 and the C-arm controller 30 uses 
the translation map to identify the corresponding point 
on the pre-acquired image, which is displayed on dis- 
ss play 1 0. This identification is known as navigation or lo- 
calization. An icon representing the localized point or 
instrument is shown on the display 10, along with five 
or six degrees of freedom indicia. 
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[0053] To enable navigation, the navigation system 1 2 
will detect both the position of the patient's anatomy 14 
and the position of the surgical instrument 52. Knowing 
the location of these two items allows the navigation sys- 
tem 12 to compute and display the position of the instru- 
ment 52 in relation to the patient 1 4 . The tracking system 
44 is employed to track the instrument 52 and the anat- 
omy simultaneously. While the display 10 is configured 
to show the instrument with six degree of freedom ac- 
curacy. 

[0054] The tracking system 44 essentially works by 
positioning the transmitter coil array 46 adjacent to the 
patient space to generate a low-energy magnetic field 
generally referred to as a navigation field. Because eve- 
ry point in the navigation field or patient space is asso- 
ciated with a unique field strength, the electromagnetic 
trackingsystem 44 can determine the position of the in- 
strument 52 by measuring the field strength at the sen- 
sor 58 location. The dynamic reference frame 54 is fixed 
to the patient 14 to identify the location of the patient 14 
in the navigation field. The electromagnetic tracking sys- 
tem 44 continuously recomputes the relative position of 
the dynamic reference frame 54 and the instrument 52 
during localization and relates this spatial information to 
patient registration data to enable image guidance of the 
instrument 52 within the patient 14. 
[0055] Patient registration is the process of determin- 
ing how to correlate the position of the instrument 52 on 
the patient 14 to the position on the diagnostic, pre-ac- 
quired, or real-time images. To register the patient 14, 
the physician- or user will select and store particular 
points from the preracquired images and then touch the 
corresponding points on the patient's anatomy with a 
pointer probe 62. The navigation system 12 analyzes 
the relationship between the two sets of points that are 
selected and computes a match, which correlates every 
point in the image data with its corresponding point on 
the patient's anatomy or the patient space. The points 
that are selected to perform registration are the fiducial 
arrays or landmarks 60. Again, the landmarks orfiducial 
points 60 are identifiable pn the images and identifiable 
and accessible on the.patient 1 4. The landmarks 60 can 
be artificial landmarks 60 that are positioned on the pa- 
tient 14 or anatomical landmarks 60 that can be easily 
identified in the image data. The system 12 may also 
perform 2D. to 3D registration by utilizing the acquired 
2D images to register 3D volume images by use of con- 
tour algorithms, point algorithms, normalized mutual in- 
formation, pattern intensity, or density comparison algo- 
rithms, as is known in the art. 

[0056] In order to maintain registration accuracy, the 
navigation system 12 continuously tracks the position of 
the patient 14 during registration and navigation. This is 
necessary because the patient 14, dynamic reference 
frame 54, and transmitter coil array 46 may all move dur- 
ing the procedure, even when this movement is not de- 
sired. Therefore, if the navigation system 12 did not 
track the position of the patient 14 or area of the anato- 



my, any patient movement after image acquisition would 
result in inaccurate navigation within that image. The dy- 
namic reference frame 54 allows the electromagnetic 
tracking device 44 to register and track the anatomy. Be- 
5 cause the dynamic reference frame 54 is rigidly fixed to 
the patient 14, any movement of the anatomy or the 
transmitter coil array 46 is detected as the relative mo- 
tion between the transmitter coil array 46 and the dy- 
namic reference frame 54. This relative motion is com- 
10 municated to the coil array controller 48, via the naviga- 
tion probe interface 50, which updates the registration 
correlation to thereby maintain accurate navigation. 
[0057] It should also be understood that localization 
and registration data may be specific to multiple targets. 

is For example, should a spinal procedure be conducted*, 
each vertebra may be independently tracked and the 
corresponding image registered to each vertebra. In 
other words, each vertebra would have its own transla- 
tion map between all points in the radiological image and 

20 the corresponding points in the patient's anatomy in pa- 
tient space in order to provide a coordinate system for 
each vertebra being tracked. The tracking system 44 
would track any motion in each vertebra by use of a 
tracking sensor 58 associated with each vertebra. In this 

25 way, dual displays 10 may be utilized, further discussed 
herein, where each display tracks a corresponding ver- 
tebra using its corresponding translation map and a sur- 
gical implant or instrument 52 may be registered to each 
vertebra and displayed on the display 1 0 further assist- 

30 jng an alignment of an implant relative to two articulating 
or movable bones. Moreover each separate display in 
the dual display 1 0 may superimpose the other vertebra 
so that it is positioned adjacent to the tracked vertebra 
thereby adding a further level of information on the six 

35 degree of freedom display 10. 

[0058] As an alternative to using the imaging system 
16, in combination with the navigation and tracking sys- 
tem 44, the five or six degree of freedom alignment dis- 
play 10 can be used in an imageless manner without the 

40 imaging system 16. In this regard, the navigation and 
tracking system 44 may only be employed and the probe 
62 may be used to contact or engage various landmarks 
on the patient. These landmarks can be bony landmarks 
on the patient, such that upon contacting a number of 

45 landmarks for each bone, the workstation 36 can gen- 
erate a three-dimensional model of the bones. This 
model is generated based upon the contacts and/or use 
of atlas maps. The workstation 36 may also generate a 
center axis of rotation for the joint or planes, based upon 

so the probe contacts. Alternatively, the tracking sensor 58 
may be placed on the patient's anatomy and the anato- 
my moved and correspondingly tracked by the tracking 
system 44. For example, placing a tracking sensor 58 
on the femur and fixing the pelvis in place of a patient 

55 and rotating the leg while it is tracked with the tracking 
system 44 enables the work station 36 to generate a 
center of axis of the hip joint by use of kinematics and 
motion analysis algorithms, as is known in the art. If the 
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pelvis is not fixed, anosner tracking sensor 58 may be 
placed on the pelvis to identify the center of axis of the 
hip joint. If a tracking sensor 58 is placed on the femur 
and a tracking sensor 58 is placed on the tibia, upon 
moving this portion of the anatomy, a center of axis of 5 
the knee joint may be identified. Likewise, by placing a 
separate tracking sensor 58 on two adjacent vertebra 
and articulating the spine, the center of axis of the spinal 
region can also be identified. In this way, a target and/ 
or model based on the center of the particular joint may 
be designated and identified on the six degree of free- 
dom display 1 0. Movement of the instrument or implant 
52 may then be tracked in relation to this target and/or 
model to properly align the instrument or implant 52 rel- 
ative to the target and/or model. 

[0059] Turning to Figures 3a and 3b, the method of 
employing the six degree of freedom display 10 is de- 
scribed in further detail. The method 64 begins by de- 
termining whether an image based medical procedure 
will be employed or an image-less medical procedure 
will be employed. If the image based procedure is being 
employed, the method proceeds along the first branch. 
In this regard, when an image based procedure will be 
utilized, the method begins at block 66 identifying the 
image tracking procedure. From block 66, the method 
proceeds to block 68 where images are generated by 
the imaging system 1 6. This imaging is performed at the 
area of interest of the patient 1 4 by any type of imaging 
device as previously discussed. Once images have 
been generated at block 68, the method proceeds to 
block 70 where calibration and registration is performed. 
In block 70, calibration of the imaging device 16 takes 
place using the calibration targets 28. Additionally: reg- 
istration of the pre-acquired images from block 68 are 
registered to the patient space of the medical procedure 
utilizing the fiducial markers 60 and probe 62 as previ- 
ously discussed. This registration registers the current 
patient space with the pre-acquired image, so that the 
instrument 52 or other devices may be tracked during 
the medical procedure and accurately superimposed 
over the pre-acquired images generated from the imag- 
ing device 16. 

[0060] If an image-less medical procedure is select- 
ed, the method begins at block 72 identifying that an im- 
age-less based medical procedure will be performed. 
This method proceeds to either block 74 identifying a 
first way to generate image-less models or block 76 
identifying a second way to generate image-less mod- 
els. At block 74, the probe 62 is used to contact the body 
at various anatomical landmarks in the area of interest, 
such as a bone. For example, by touching the probe 62 
to the pelvis, knee, and ankle, articulation planes can 
be defined using known algorithms and the center of 
each joint may also be defined. An example of this type 
of modeling is set forth in U.S. Patent No. 5,682,886, 
which is hereby incorporated by reference. Alternatively, 
multiple anatomical landmarks can be contacted with 
the probe 62 to generate a 3-D model with the more 



points contacted, the more accurate the model depicted. 
[0061] Secondly, to generate a model at block 76, a 
tracking device is placed on the body and the body ro- 
tated about the joint. When this is done, the plane of 
rotation and joint center can be identified using known 
kinematic and/or motion analysis algorithms or using at- 
las maps or tables, as is known in the art. Once the area 
of interest has been probed, via block 74 or block 76, a 
model is generated at block 78. This model can be a 3-D 
surface rendered model, a 2-D model identifying articu- 
lating planes or a 3-D model identifying articulating 
planes and rotation, as well as the center of the joints. 
This enables the display 10 to use the joint centers or 
articulating planes as the target or trajectory, further dis- 
cussed herein. 

[0062] With each of the procedures 74 or 76, the pro- 
cedure may be initially based on the use of atlas infor- 
mation or a 3-D model that is morphed, to be a patient 
specific model. In this regard, should the femur be the 
area of interest, an accurate representation of an ordi- 
nary femur may be selected from an atlas map, thereby 
providing an initial 2-D or 3-D model representing a typ- 
ical anatomical femur. As with block 74, upon contacting 
numerous areas on the actual femur with the probe 62, 
the atlas model may be morphed into a patient specific 
3-D model, with the more points contacted, the more ac- 
curate the morphed model. Patient specific information 
may also be acquired using an ultrasound probe to 
again identify the shape of the patient's natural femur in 
order to morph the atlas model. A fluoroscopic image of 
the region may also be used to morph the patient's femur 
with the atlas model to provide a patient specific 
morphed model . Proceeding under block 76 and assum- 
ing thatthe area of interest is the hip joint, an atlas model 
of the femur and pelvis may be the initial starting point. 
Upon rotating and moving the femur relative to the pel- 
vis, a patient specific morphed model may be created 
to generate accurate joint centers and axes of motion 
again using known kinematics and/or motion analysis 
algorithms 

[0063] Once the image data is calibrated and regis- 
tered at block 70 or the model is generated at block 78, 
the method proceeds to block 80. At block 80, the spe- 
cific type of coordinate system is selected, which will be 
displayed by indicia on the six degree of freedom display 
10. The coordinate systems can be a Cartesian coordi- 
nate system, a spherical coordinate system, or a polar 
coordinate system. By way of example, the Cartesian 
coordinate system will be selected. The Cartesian coor- 
dinate system will include the X, Y, and Z axes, and X 
rotation, Y rotation, and Z rotation about its respective 
axes. 

[0064] With reference to Figure 5, the six degree of 
freedom display 1 0 is shown in further detail employing 
the Cartesian coordinate system. In this regard, the X 
axis 82 and the Y axis 84 are shown positioned on the 
display 10. The Z axis 86 extends out from the display 
10 and is shown in the upper left corner. Rotation about 
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the X axis is shown by bar graph 88 to the right of the 
display 1 0 and rotation about the Y axis is shown by bar 
graph 90 positioned at the bottom of the display 10. Ro- 
tation about the Z axis is shown with the arcuate bar 
graph 92 oriented about the X and Y axes 82 and 84. 
Each axis, as well as the rotation axes Identified by the 
bar graphs may be color coded to identify safe zones or 
regions for the item being tracked or navigated. In this 
regard, the safe zones can be defined as ranges around 
the planned trajectory path or target where the safe 
zones are determined by manufactured determined pa- 

* rameters, user determined parameters or patient spe- 
cific parameter, further discussed herein. 
[0065] Arrow indicator 94 identifies the degree of ro- 
tation about the X axis 82. Arrow indicator 96 shows the 
amount of rotation about the Y axis 84. Arrow 98 iden- 
tifies the rotation about the Z axis, while arrow 1 00 iden- 
tifies the depth being tracked along the Z axis 86. The 
origin 102 may be set to be the desired target position 
or trajectory path . The crosshairs 1 04 represents the tip 
of the instrument 52 being tracked, while the circle 1 06 
represents the hind area of the instrument 52 being 
tracked! With the understanding that the instrument 52 
can be any type of medical device or implant. Also, if 
five degree of freedom information is provided, one of 
the indicia 82, 84, 86, 88, 90, and 92 will be removed. 
[0066] Once the coordinate system is selected at 
block 80, the method proceeds to block 108 where the 
target or trajectory is selected. The target or trajectory 
selected at block 1 08 is typically positioned at the origin 
102 on the display 10. In this way, the object being 
tracked or aligned may be tracked and aligned about the 
origin 102. Alternatively, the target may be identified at 
any coordinate within the display 10 or multiple targets 
may also be identified within the single display 10. An 
indicia of the target may also be positioned on the dis- 
play 10. The target is selected based upon the desired 
area to position the instrument 52 and can be selected 
from the pre-acquired images or from the 3-D model. 
Once selected, this target is correlated to the display 1 0 

- and generally positioned at the origin 102. 

[0067] Once the target/trajectory is selected at block 

' J 1 08, such as the origin 1 02, the method proceeds to 

- - ; block 110 where the safe zones are identified for each 

~ degree of freedom. Referring again to Figure 5, the safe 
zones 112 are identified for each degree of freedom by 
color coding. For example, the safe zone 112 for the X 
axis is between -2.5 and -1-2.5. The safe zone 112 for 
rotation about the X axis is between -5° and +5° of ro- 

;1 tation about the X axis. The user can simply guide the 
instrument 52 using the cross hairs 1 04 and circle 1 06 
to align the instrument 52 within these designated safe 

1 zones 112. Again, these safe zones 112 may be deter- 
mined by manufacture specifications, such as tolerance 
range of the instruments or positions for implants. The 
safe zones 112 may also be determined based on the 
patient, the surgeon conducting the procedure, or any 
otherfactors to assist a surgeon in navigating the instru- 



ment 52 through the patient 14. = These safe zones 112 
may also be identified via an audible signal or tone or a 
varying tone. The safe zones 1 1 2 may also be identified 
by any other convenient manner to be set out on the 

5 display 10. 

[0068] Once the safe zones 1 1 2 are identified for each 
degree of freedom in block 1 1 0, the method proceeds 
to block 114 where the target trajectory in the selected 
coordinate system is displayed with the safe zones 112, 

10 as shown in Figure 5. At block 116, if an image based 
method is being conducted, a decision whether to su- 
perimpose the image over the target/trajectory is made. 
Alternatively, the image may be placed adjacent to the 
target trajectory display, as is shown in Figure 6, and 

is further discussed herein. Should the image-less based 
medical procedure be conducted, at block 118, a deter- 
mination is made whether to superimpose the mode! 
that was generated at block 78. Here again, this model 
may be superimposed over the target/trajectory display 

20 on display 1 0 or may be positioned adjacent to the tar- 
get/trajectory display in a split screen or on a separate 
display. 

[0069] Once the target/trajectory 102 is displayed 
along with the safe zones 112 in the proper coordinate 

25 system, as shown in Figure 5, the method proceeds to 
block 1 20 where the first implant/instrument 52 is 
tracked with the navigation system 44. With the implant/ 
instrument 52 being tracked at block 120, the method 
proceeds to block 122 wherein indicia representing the 

30 implant/instrument 52 is displayed on the display 10, 
with either five or six degrees of freedom information. 
Here again, referring to Figure 5, the indicia represent- 
ing the implant/instrument 52 is the crosshairs 104 and 
the circle 106 designating the tip and hind, respectively. 

35 The tip 104 and hind 106 is represented in relation to 
the target/trajectory path 1 02 in six degrees of freedom . 
This six degrees of freedom include the X and Y loca- 
tions, as well as the depth Z of the implant/instrument 
52 displayed. In addition, the rotation about each of the 

40 axes is also provided. This rotation can be helpful in 
many applications, including orthopedic, where rotation 
specific components need to be positioned relative to 
one another. For example, in a spinal application, align- 
ment of a pedicle screw in relation to a spinal rod, would 

45 require information regarding the rotation of the screw 
relative to the rod. In cardiac procedures, this may be 
useful where ablation is necessary on a certain side of 
an artery and the ablation electrode is only positioned 
on one side of the catheter. In this situation, rotation of 

50 the catheter relative to the target in the artery is critical. 
In a neuro procedure, a biopsy needle may only have a 
biopsy port positioned upon one portion of the circum- 
ference of the needle, thereby requiring the rotation of 
the biopsy needle to be known in order to provide the 

55 proper capture of the relevant biopsy sample. Without 
this display, this information would not be available. 
[0070] With the indicia of the implant/instrument 52 
being displayed, the implant/instrument 52 is aligned or 
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fixed with the targetArajectory 102 at block 124. In this 
regard, the tip 104 and the hind 106 are aligned and 
fixed relative to the target/trajectory 1 02 at the origin and 
the rotational orientation is also aligned to the desired 
position. Again, the target/trajectory 1 02 may not be po- 
sitioned at the origin and can be positioned anywhere 
within the coordinate system if desired. As shown in Fig- 
ure 5, the tip 1 04 of the implant/instrument 52 is shown 
aligned with the target 1 02, while the hind 1 06 is slightly 
offset from the target/trajectory 102. Once the implant/ 
instrument 52 is aligned and fixed relative to the target/ 
trajectory 102, the method proceeds to block 126. 
[0071] At block 126, a determination is made as to 
whether there is a second implant/instrument 52 to be 
tracked. If there is not a second implant/instrument 52 
to be tracked, the method ends at block 128. Should 
there be a second implant/instrument 52 to track, such 
as a corresponding implant component that articulates 
with the first implant, the method proceeds lo block 130. 
At block 130, a second target/trajectory 1 02 is selected, 
which is based upon the alignment or fixation of the first 
implant/instrument 52 relative to the first target/trajecto- 
ry 102. In this regard, if the surgeon is not able to position 
the first implant/instrument 52 at the desired target/tra- 
jectory 1 02, this offset from the target/trajectory 1 02 may 
affect the second implant, which possibly articulates or 
mates with the first implant. If this is the case, the second 
target/trajectory 102 will need to take into consideration 
this offset in order to provide proper articulation and 
alignment of the first implant component with the second 
implant component. 

[0072] With minimally invasive types of procedures, 
the implant may also have numerous components with 
each component articulating or mating with another 
component, thereby requiring tracking of each compo- 
nent as it is implanted during the minimally invasive pro- 
cedure. This second target/trajectory 102 may be dis- 
played on a separate display 10 (see Figure 1), posi- 
tioned via a split screen of a single display 1 0 or may be 
superimposed upon the existing display that displays 
the first target 1 02 and implant position. In this way, ori- 
entation and placement of both the first and second im- 
plants, which are dependent upon one another can be 
shown in the display 10 providing the surgeon the op- 
portunity to adjust either position of either implant intra- 
operatively before the implants are permanently affixed 
to the patient 14. These types of implants include knee 
implants, hip implants, shoulder implants, spinal im- 
plants, or any other type of implant, which has a bearing 
surface and an articulating surface or any type of implant 
having multiple mating and connecting components. 
[0073] Once the second target/trajectory 102 has 
been selected at block 130, the method proceeds to 
block 132. At block 132, the safe zones 112 for each 
degree of freedom is selected for the second implant/ 
instrument 52 similar to the way the first set of safe 
zones 112 were selected for the first implant/instrument 
52. Once the second safe zones 112 are selected, the 



method proceeds to block 134. At block 134, the display 
10 displays the second target/trajectory 1 02 in the same 
coordinate system with the second safe zones 112. 
Here again, at block 1 36, if it is an image based medical 

5 procedure; the pre-acquired image may be superim- 
posed on to the target/trajectory 102. Alternatively, this 
image can be positioned adjacent the target screen in 
a split screen configuration (see Figure 6 and 7). If the 
method is proceeding as an image-less type medical 

10 procedure, at block 138, decision is made whether to 
superimpose the generated model from block 78. Once 
the target/trajectory 1 02 is in the proper coordinate sys- 
tem with the safe zone 11 2 are displayed at display 1 0, 
the surgical implant/instrument 52 is tracked at block 

15 140. Here again, the second implant/instrument 52 can 
be tracked on a separate display 1 0 or be tracked on 
the same display as the first implant/instrument 52. 
[0074] Alternatively, separate displays 10 may be 
used where information is linked between the displays 

20 showing the second implant/instrument 52 in relation to 
the first implant/instrument 52. With the second implant/ 
instrument 52 being tracked at block 140, the second 
implant/instrument 52 is displayed in relation to the sec- 
ond target/trajectory 1 02 in five or six degrees of free- 

25 dom at block 142. Again, this may be a separate display 
10, a split screen display 10 with both the first target/ 
trajectory 102 and the second targetArajectory 102 or 
the same display 10 displaying both targetsArajectories 
102. While the second implant/instrument 52 is being 

30 displayed, the second implant/instrument 52 is aligned 
and fixed at the second targetArajectory 1 02 at block 
144. Once the second implant/instrument 52 is fixed at 
block 144, the method proceeds to block 146. 
[0075] At block 1 46, a determination is made whether 

35 the alignment or fixation of the first and second implants/ 
instruments 52 are correct. In this regard, with two sep- 
arate displays 10 linked or with a single display 10, 
showing both targets/trajectories 102, a surgeon can 
determine whether each implant/instrument 52 is within 

40 its desired safe zones 1 1 2 and, therefore, optimally po- 
sitioned for proper articulation. Here again, these safe 
zones 112 may be color coded for the different safe 
zones provided. If both implants are positioned and fixed 
at the proper targets, the method ends at block 148. If 

45 one or both of the implants are not properly positioned, 
adjustment of the first or second target/trajectory 1 02 is 
performed at block 1 50. Once either or both targets are 
adjusted, realignment of the first and/or second im- 
plants/instruments 52 are performed at block 1 52. Here 

50 again, since multiple component implants are depend- 
ent upon one another with respect to their position and 
orientation, alignment and adjustments of the targets/ 
trajectories 102 may be performed several times until 
the optimum placement for each is performed at repeat 

55 block 154. Thereafter, the method terminates at end 
block 156. 

[0076] While the above- identified procedure is dis- 
cussed in relation to an orthopedic medical procedure 
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in which an implant having multiple implant components 
is implanted within a patient using the six degree of free- 
dom display 10, it should be noted that the six degree 
of freedom display 10 may be used to track other med- 
ical devices as well. For example, as was briefly dis- 
cussed, an ablation catheter generally has an electrode 
positioned only on one angular portion of its circumfer- 
ence. Likewise, the wall of an artery typically has a larger 
plaque build-up on one side. Therefore, it is desirable 
to align that ablation electrode with the proper side of 
the artery wall during the procedure. With the six degree 
of freedom display 10, the surgeon can easily identify 
the location, depth and angular rotation of the catheter 
relative to the artery wall. Other types of procedures may 
require the medical instrument or probe to be properly 
oriented and located within the patient, such as identi- 
fying and tracking tumors, soft tissue, etc. By knowing 
r and displaying the six degree of freedom movement of 
the medical device on the display 10, the medical pro- 
cedure is optimized. 

[0077] It should also be pointed out that the method 
~ discussed above requires thatthe implant/instrument 52 
have a tracking sensor associated therewith in order to 
identify the location of the tracked device in six degrees 
of freedom and display it on the display 10. The tracking 
sensors may be attached directly to implants, attached 
to the instruments that engage the implants or attach to 
members extending out from the implants. These track- 
ing sensors again may be electromagnetic tracking sen- 
sors, optical tracking sensors, acoustic tracking sen- 
sors, etc. Examples of various targets, which may or 
may not be superimposed on the display again include 
orthopedic targets, spinal targets, cardiovascular tar- 
gets, neurovascular targets, soft tissue targets, etc. 
Specific examples include again the location of the 
plaque on a wall of an artery, the center of an articulating 
joint being replaced, the center of the implant place- 
ment, etc. By displaying two targets, either on separate 
displays or on the same display, the surgeon can dy- 
namically plan and trial implant placements by moving 
one component of the implant to see where the other 
articulating component of the implant should be posi- 
* tioned: In this way, the surgeon can trial the implant con- 
** firming its placement and orientation, via the display 10 
¥ before the implant is permanently affixed to the patient 
14. 

[0078] In a spinal procedure, two adjacent vertebra 
bodies can be tracked and displayed on two separate 
displays. In this way, if a single jig, such as a cutting jig 

" is used to cut both the surface of the first vertebra and 
the surface of the second vertebra, orientation of the jig 
may be displayed on each separate display in relation 

■ to the corresponding vertebra being acted upon, thereby 
enabling simultaneous tracking of the two planes being 
resected for each separate vertebra on a dual display 
system. Additionally, each vertebra may be displayed 
on each of the dual displays so that the vertebra being 
tracked is shown with the adjacent vertebra superim- 



posed adjacent thereto. Once the vertebra bodies are 
prepared, the implant is typically placed between each 
vertebra on the prepared site. Other ways of preparing 
this site is by using drills, reamers, burrs, trephines or 

5 any other appropriate cutting or milling device. 

[0079] Briefly, the method, as shown in Figures 3a 
and 3b, demonstrates thatthe display 1 0 illustrated both 
the position and orientation of an object with respect to 
a desired position and orientation with six degrees of 

10 freedom accuracy. The display 1 0 may be automatically 
updated in real-time using the navigation system 44 to 
report the orientation of the tracked device. The user 
may also adjust the display 10 in order to control a de- 
vice's orientation. The display 1 0 again consists of three 

15 rotational indicators (RX, RY, RZ) and three translational 
indicators or indicia (TX, TY, TZ). Each indicator shows 
both visual and quantitative information about the orien- 
tation of the device. Each indicator also displays a pre- 
determined safe zone 1 1 2 and application-specific label 

20 for each degree of freedom. As noted, it may also be 
relevant to overlay the display 1 0 over anatomical image 
data from the imaging device 1 6. When working with 3-D 
image data sets, the anatomy normal to the tip 1 04 of 
the positioned device can provide the user with addition- 
's al positional information. 

[0080] Tones, labels, colors, shading, overlaying with 
image data can all be modified and incorporated into the 
display 10. The current display 10 is also shown as a 
Cartesian coordinate based display, but again could be 

30 based on a polar based display or a spherical based dis- 
play and a quick switch between both can be supplied 
or simultaneously displayed. The display can also be 
configured by the user to hide parameters, location, 
size : colors, labels, etc. 

35 [0081] Some medical applications that may be com- 
monly displayed and linked to the display 10 are: 1) 
reaming of an acetabular cup with major focus upon RY 
and RZ, 2) length of leg during hip and knee procedures 
focused upon TZ and RZ, 3) biopsies and ablations fo- 

40 cused upon RX, RY, and RZ for direction of the therapy 
device, and 4) catheters with side ports for sensing in- 
formation or delivery of devices, therapies, drugs, stem 
cells, etc. focused upon six degree of freedom informa- 
tion. 

45 [0082] Referring now to Figures 4a - 4e, a medical 
procedure employing a six degree of freedom alignment 
display 10 is shown in further detail. In this example, an 
orthopedic medical procedure replacing the hip joint is 
illustrated. During this procedure, various instruments 

50 52, as well as the implants 52 are tracked and aligned 
using the six degree of freedom display 1 0. Referring 
specifically to Figure 4a, a femur 160 having a femoral 
head 162 is illustrated, along with a pelvis 164 having 
an acetabulum 166. Assuming that the medical proce- 

55 dure being performed is an image based system, this 
area of interest will be imaged by the imaging device 16. 
Here again, the dynamic reference frame 54 may be at- 
tached to the femur 1 54 orthe pelvis 1 64 or two dynamic 
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frames 54 may be attached, one to each bone to provide 
additional accuracy during the medical procedure. With 
the head 162 dislocated from the acetabulum 166, a 
center of articulation of the acetabulum 166 is identified 
as the target 168 : shown in Figure 6. 
[0083] In this regard, Figure 6 illustrates the display 
1 0 configured as a split screen with the right identifying 
the six degree of freedom display and the left illustrating 
the pre-acquired image with the center of articulation 
168 being the intersection of the X, Y, and Z axes. As 
illustrated in Figure 4a, a reamer 170 having a tracking 
sensor 58 is shown reaming the acetabulum 166. The 
tracking system 44 is able to accurately identify the nav- 
igation of the tip and hind of the reamer 170. As illus- 
trated in Figure 6, in the right half of the split screen, one 
can observe that the tip represented by the crosshairs 
1 72 is properly positioned along the X and Y coordinates 
and within the corresponding safe zones 1 1 2. however, 
the hind portion of the instrument 170, as identified by 
the circle 1 74, is angularly offset from the target 1 68 at 
the origin. The surgeon can then angularly adjust the 
hind portion 1 74 of the instrument 1 70 until the hind por- 
tion 174 is shown in the display 10 as positioned over 
the crosshairs 172, thereby assuring proper alignment 
of the reaming device 1 70 for subsequent proper place- 
ment of the acetabular cup implant. By tracking the 
reamer 1 70, the surgeon can be relatively confident that 
an acetabular cup implant will be property positioned be- 
fore the implant is even impacted into the acetabulum 
166. 

[0084] Turning to Figure 4b, an acetabular cup 1 78 is 
shown being impacted into the reamed acetabulum 166, 
via the tracked guide tool 1 80 with an impactor 1 82. The 
guide tool 180 has a distal end, which is nestingly re- 
ceived within the acetabular cup 178. Thus, by tracking 
the instrument 180, via tracking sensor 58, orientation 
of the acetabular cup 1 78 may be displayed on the dis- 
play 10 in six degrees of freedom. In this way, before 
the acetabular cup 178 is impacted into the acetabulum 
166, the surgeon can view on the display 10 whether 
the acetabular cup 1 78 is properly positioned at the 
proper angular orientation, as shown in Figure 7, the im- 
pactor 1 80 is shown superimposed over an image gen- 
erated by the imaging device 1 6. In this way, the proper 
orientation, including abduction and anteversion is 
achieved before the acetabular cup 1 78 is permanently 
implanted. 

[0085] Once the acetabular cup 1 78 has been impact- 
ed, the femoral head 1 62 is resected along a plane 1 84 
by use of a cutting guide 1 86, having the tracking sensor 
58 and a saw blade 188. By using the center of the fem- 
oral head 162 as the second target, the cutting plane 
1 84 may be properly defined to provide proper articula- 
tion with the acetabular cup 1 78 before a hip stem is 
implanted in the femur 160. Here again, the second tar- 
get is dependent upon the first target. Thus, if the 
acetabular cup 178 was implanted somewhat offset 
from its target !? <e second target may be properly com- 



pensated to accommodate for this offset by use of the 
display 1 0. In this regard, a second display illustrating 
the target for the cutting plane 184 may be provided. 
[0086] Once the femoral head 162 of the femur 160 

5 has been resected, as shown in Figure 4d : a reamer 190 
is employed to ream out the intramedullary canal 192 of 
the femur 1 60. In order to provide proper angular orien- 
tation of the reamer 1 90, as well as the depth, a subse- 
quent target can be defined and identified on the display 

10 10 and tracked by use of the tracking sensor 58. This 
target may be displayed separately or in combination 
with the previously acquired targets. By insuring the 
proper angle of the reamer 1 90 relative to the longitudi- 
nal axis of the femur 160 is tracked and displayed on 

15 display 10, the surgeon can be provided a higher level 
of confidence that the hip stem will be properly posi- 
tioned within the intramedullary canal 192. 
[0087] Once the intramedullary canal 192 has been 
reamed by the reamer 190, a hip stem 1 94 is impacted 

20 with an impactor 1 96 into the intramedullary canal 1 92. 
By targeting the acetabular cup location, along with the 
resection plane 184 and the reaming axis of the reamer 
1 90, upon positioning the hip stem 1 94, within the femur 
160, proper articulation and range of motion between 

25 the acetabular cup 1 78 and the hip stem 1 94 is achieved 
without time consuming trialing as is conducted in con- 
ventional orthopedic procedures. Thus, by providing the 
safe zones 1 1 2 in relation to the hip stem 1 94 size, prop- 
er articulation with the acetabular cup 178 is achieved. 

30 Here again, while an example of an orthopedic hip re- 
placement is set out, the six degree of freedom display 
10 may be utilized with any type of medical procedure 
requiring visualization of a medical device with six de- 
gree freedom information. 

35 [0088] The six degree of freedom display 1 0 enables 
implants, devices and therapies that have a specific ori- 
entation relative to the patient anatomy 1 4 to be properly 
positioned by use of the display 10. As was noted, it is 
difficult to visualize the correct placement of devices that 

40 require five or six degree of freedom alignment. Also, 
the orientation of multiple-segment implants, devices, or 
therapies in five and six degrees of freedom so that they 
are placed or activated in the correct orientation to one 
another is achieved with the display 10. Since the loca- 

45 tion and orientation is dependent upon one another to 
be effective, by having the proper orientation, improved 
life of the implants, the proper degrees of motion, and 
patient outcome is enhanced. Also, the six degree of 
freedom display 1 0 may be used as a user input mech- 

so anism by way of keyboard 38 for controlling each degree 
of freedom of a surgical robotic device. In this regard, 
the user can input controls with the joystick, touch 
screen or keyboard 38 to control a robotic device. These 
devices also include drill guide holders, drill holders, me- 

55 chanically adjusted or line devices, such as orthopedic 
cutting blocks, or can be used to control and drive the 
alignment of the imaging system 16, or any other type 
of imaging system. 
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[0089] Since multiple implants and therapies, or multi- 
segment/compartment implants require multiple align- 
ments, the display 10 may include a stereo display or 
two displays 10. These displays may or may not be 
linked, depending on the certain procedure. The target 
point/location (translation and orientation of each im- 
plant component is dependent upon the other implant 
placement or location). Therefore, the adjustment or dy- 
namic targeting of the dependent implant needs to be 
input to the dependent implant and visually displayed. 
Again, this can be done by two separate displays or by 

* superimposing multiple targets on a single display. 
Many implants such as spinal disc implants, total knee 

~ and total hip replacements repair patient anatomy 1 4 by 
replacing the anatomy (bone, etc.) and restoring the pa- 
tient 14 to the original biomechanics, size and kinemat- 
ics. The benefit of the six degree of freedom alignment 

w display 10 is that original patient data, such as the im- 

; ages can be entered, manually or collectively, via the 
imaging device 1 6 or image-less system used for place- 
ment of the implant. Again, manually, the user can enter 

" data, overlay templates, or collect data, via the imaging 
system 16. An example, as discussed herein of an ap- 
plication is the alignment of a femoral neck of a hip im- 
plant in the previous patient alignment. The previous pa- 
tient alignment can be acquired by landmarking the pa- 
tient femoral head by using biomechanics to determine 
the center and alignment of the current line and angle 
of the femoral head. This information can be used as 
the target on the display 1 0 in order to properly align the 
implant replacing the femoral head. 
[0090] The six degree of freedom display 1 0 also pro- 
vides orientation guidance on a single display. Separate 
visual and quantitative read-outs for each degree of 
freedom is also displayed oh the display 1 0. Visual rep- 
resentations or indicia of procedure-specific accepted 
values (i:e.. a "safe zone 112") for each degree of free- 
dom is also clearly displayed on the display 10. These 
safe zones 1 12 are displayed as specifics or ranges for 
the user to align or place within. The procedure specific 

* accepted values for the ! safe zones 112 can be manu- 
facture determined, user determined, patient specific 

r (calculated) or determined from algorithms (finite ele- 
ment analysis, kinematics, etc. atlas or tables). It can 

r - : also be fixed or configurable. Safe zones 112 can also 
be defined as ranges around a planned trajectory path 
or the specific trajectory path itself (range zero). The tra- 
jectory paths are input as selected points by the user or 
'•^ paths defined from the patient image data (segmented 

■~ vascular structure, calculated centers of bone/joints, an- 
atomical path calculated by known computed methods, 

" etc.). 

~ [0091 ] Turning now to Figures 8a-8g, another medical 
procedure that may employ the six degree of freedom 
alignment display 10 is shown in further detail, along 
with Figure 9 illustrating the use of the display 1 0 during 
this medical procedure. In this example, a spinal medi- 
cal procedure that implants a cervical disc implant be- 



tween two vertebrae is illustrated. During this proce- 
dure, various instruments 52, as well as the implant 52 
are tracked and aligned using the six degree of freedom 
display 10. Also, the bony structures during the proce- 

5 dure are also tracked. 

[0092] Referring specifically to Figure 8a, a first ver- 
tebra or vertebral body 200 is shown positioned adja- 
cent to a second vertebra or vertebral body 202 in the 
cervical area of the spine. Assuming that the medical 

10 procedure is being performed in an image based sys- 
tem, this area of interest would be imaged by the imag- 
ing device 1 6. Again, a dynamic reference frame 54 may 
be attached to the first vertebra 200 and a second dy- 
namic reference frame 54 may be attached to the sec- 

is ond vertebra 202. These dynamic reference frames 54 
may also be combined with tracking sensors 58, which 
are shown attached to the vertebral bodies 200 and 202 . 
A center of articulation of the vertebra 200 and a center 
of articulation of a vertebra 202 may be identified as the 

20 targets 168 on the dual display illustrated on Figure 9. 
In this way, by utilizing the center of articulation of each 
vertebral body with respect to each other as the targets 
1 68, tracking of the instruments 52 used during the pro- 
cedure, as well as the implant 52 with respect to these 

25 articulation centers may be achieved. This center of ar- 
ticulation or instantaneous center of rotation is identified 
as the M X" along axis Y. A plane or axis X is shown per- 
pendicular to the longitudinal or spinal axis Y. This axis 
is where the implant, as well as milling should be per- 

30 formed or centered around. 

[0093] Referring to Figure 8b ? a cam distracter instru- 
ment 204 is shown distracting the vertebra 200 relative 
to the vertebra 202. The cam distracter 204 may be 
tracked, via another tracking sensor 58 affixed to the 

35 cam distracter 204. In this way, the six degree of free- 
dom display 10 illustrated in Figure 9 can illustrate a lo- 
cation of the cam distracter 204 relative to the center of 
each vertebra 200 and 202 independently on the dis- 
play. Since the instrument 204 is rigid, by locating the 

40 tracking sensor 58 on the instrument 204, the distal end 
of the instrument 204 is known and may be illustrated 
on the display 1 0 using crosshairs 1 04 and circle 1 06 to 
represent the tip and hind, respectively. 
[0094] Once each vertebrae 200 and 202 have been 

45 distracted by the cam distracter 204, a sagittal wedge 
206 also having a tracking sensor 58 is utilized and 
shown in Figure 8c. The sagittal wedge 206 is used to 
center each vertebrae 200 and 202, along the sagittal 
plane and again may be tracked and displayed with six 

so degree of freedom on the display 10, as illustrated in 
Figure 9. In this regard,, the surgeon can confirm both 
visually and via the display 1 0 that the sagittal wedge 
206 is centered on the sagittal plane between the ver- 
tebrae 200 and 202, as well as obtain the proper depth, 

55 via the Z axis display 86 on the display 1 0, illustrated in 
Figure 9. 

[0095] Once the sagittal centering has been achieved 
with the sagittal wedge 206, the medical procedure pro- 
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ceeds to burring as shown in Figure 8d. In this regard, 
a burr 208 attached to a burring hand piece 210, also 
having a tracking sensor 58, is used to burr an area be- 
tween the first vertebra 200 and the second vertebra 
202. Here again., the orientation of the burr 208 relative 5 
to each vertebrae 200 and 202 may be displayed on the 
display 10 with six degree of freedom information. 
Therefore, burring along the proper X and Y plane, as 
well as the proper depth may be visually displayed with 
the appropriate indicia, as illustrated in Figure 9. Rota- 
tional information about the corresponding X, Y and Z 
axes is also displayed. By burring within the safe zones 
112 using the information regarding the surgical implant 
52 as the safe zones 112, the surgeon can be assured 
to perform the proper burring between the vertebrae 200 
and 202 to insure a proper oriented fit for the surgical 
implant 52. By tracking the burr 208 with six degrees of 
freedom information, the mounting anchors 212 for the 
hand piece 210 are optional and may not be required. 
Additionally, each single display in the dual display 10, 
as shown in Figure 9, may also superimpose an image 
of each vertebrae 200 and 202 relative to one another 
on the display with each display having its coordinate 
system referenced to one of the vertebrae. The resulting 
milled vertebrae 200 and 202 are shown in Figure 8e 
with a ring portion 214 milled to receive the spinal im- 
plant 52. 

[0096] Referring to Figures 8f and 8g, the spinal im- 
plant 52 is shown being implanted between the verte- 
brae 200 and 202 using an implant inserter 216 that is 
also tracked by tracking sensor 58. The spinal implant 
52 may be any type of cervical or other spinal disc im- 
plant for any other area of the spine. For example, the 
spinal implant may be the spinal implant disclosed in U. 
S. Patent No. 5,674,296, entitled "Human Spinal Disc 
Prosthesis," issued October 7, 1997, U.S. Patent No. 
5,865,846, entitled "Human Spinal Disc Prosthesis," is- 
sued February 2, 1 999, also known as the Bryan Cervi- 
cal Disc System, offered by Medtronic Sofamor Danek 
of Minneapolis, Minnesota or the Prestige Cervical Disc 
System, also offered by Medtronic Sofamor Danek, or 
any other spinal disc implant, all of which are hereby 
incorporated by reference. By tracking the implant in- 
serter 21 6 relative to the vertebrae 200 and 202, proper 
orientation of the spinal implant 52, as well as rotational 
orientation about the Z axis can be clearly displayed on 
the six degree of freedom display 1 0, as shown in Figure 
9. Rotation about the Z axis is used to make sure that 
the flanges 218 of the implant 52 are properly oriented 
and centered along the sagittal plane, as shown in Fig- 
ure 8g. Again, by using the display 10, as illustrated in 
Figure 9, the anchors 220 are optional since orientation^ 
of the implant 52 can be tracked continuously as it is 
inserted between the vertebrae 200 and 202. Here 
again, this eliminates the need for forming holes in the 
vertebrae 200 and 202. It should further be noted that 
the implant 52 illustrated in these figures is merely an 
exemplary type of spinal implant and any known spinal 



implants may also be similarly tracked. For example, an- 
other common type of spinal implant is formed from a 
two-piece unit that includes a ball and cup articulating 
structure that may likewise be independently tracked to 
assure proper fit and placement. 
[0097J Here again, the six degree of freedom display 
10, which is illustrated as a split or dual display 10 in 
Figure 9 assists a surgeon in implanting a spinal implant 
52 in order to achieve proper fixation and orientation of 
the implant 52, relative to two movable vertebrae 200 
and 202. By tracking each vertebra 200 and 202 inde- 
pendently, and tracking its resection, should one verte- 
bra be resected off-plane due to anatomical anomalies, 
adjustment of the plane at the adjacent vertebra may be 
achieved in order to still provide a proper fit for the spinal 
implant 52. In this way, each vertebrae 200 and 202 can 
be independently monitored, so that if one is off axis, 
the other can be manipulated accordingly to account for 
this adjustment. Additionally, by monitoring the entire 
process having six degree of freedom information, via 
display 1 0, further accuracy was achieved, thereby pro- 
viding increased range of motion for the patient after im- 
plantation of the implant 52. 

[0098] By use of the six degree of freedom display, for 
the various types of medical procedures, improved re- 
sults can be achieved by providing the surgeon with the 
necessary information required. In regard to surgical im- 
plants, the range of motion may be increased while re- 
ducing impingement of two-part articulating or fixed im- 
plants. This also enables maximum force transfer be- 
tween the implant and the body. With therapy delivery 
procedures, by knowing the location of the catheter de- 
livery tube and the specific port orientation, accurately 
aiming at the site is enabled to provide maximum deliv- 
ery of the therapy at the correct site. This procedure also 
enhances and enables better results when using an ab- 
lation catheter by again knowing the rotational orienta- 
tion of the ablation catheter and the ablation electrode 
relative to the area in the wall of the artery that requires 
ablation. Finally, by knowing the rotational orientation of 
a ablation or biopsy catheter, this type of catheter may 
be easily directed and aligned to tumors, stem cells, or 
other desired sites in an easy and efficient manner. 
[0099] Turning to Figure 10, a method 230 for post- 
operative adjustment or tuning of implants, such as a 
spinal implant, according to the teachings of the present 
invention is disclosed. The method 230 also includes 
pre-operative planning, implanting, as well as the post- 
operative exam procedure. In this regard, the method 
230 begins at block 232 where pre-operative planning 
of the medical procedure begins. The pre-operative 
planning proceeds from block 232 to either block 234 if 
an image based pre-operative plan is conducted or 
block 236 if both an image and sensing pre-operative 
plan is conducted. If an image based pre-operative plan 
is being conducted, the method proceeds to block 238 
where pre-operative image data is acquired. The pre- 
operative images may be captured from a four-dimen- 
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sional CT scan, which provides for capturing images 
over a specific time frame. In this regard, if the pre-op- 
erative planning is for implantation of a cervical disc, the 
patient may be asked to move his or her neck in different 
manners to capture the image data over time. Alterna- 
tively, any other type of imaging device 16 may be em- 
ployed to either simply gather static image data or image 
data over time. The captured image data may also be 
used in conjunction with the electromagnetic tracking 
system 44, as discussed herein. Another example of 
pre-operative planning using a tracking system is dis- 
closed in U.S. Patent No. 6,470 : 207, entitled "Naviga- 
tion Guidance Via Computer-Assisted Fluoroscopic Im- 
aging," issued October 22, 2002, which is hereby incor- 
porated by reference. Other types of pre-operative plan- 
ning using a tracking system may also be employed. 
This image data is then analyzed at the analysis data 
block 240, further discussed herein. 
[0100] Should the pre-operative planning proceed to 
block 236, which employs the image and sense-based 
pre-operative planning, this procedure will capture im- 
age data and sense parameters at block 242. In this re- 
gard, the captured image data may be the same image 
data that is captured at block 238: In addition to the cap- 
tured image data : various parameters in the area of in- 
terest may also be sensed during the pre-operative 
planning state. In this regard, probes or sensors maybe 
placed in the area of interest to sense the parameters, 
such as temperature, pressure, strain, and force mo- 
tions. For example, in a cervical disc implant, sensors 
may be positioned between adjacent vertebrae of inter- 
est to measure temperature in certain areas, which may 
indicate friction or impingement. Likewise, strain gauges 
may be positioned to measure forces to identify areas 
having iun acceptably high forces between the vertebrae. 
Again, this data is then analyzed at block 240. 
[0101] At block 240, the data from either the image 
based or the image sense based pre-operative planning 
is analyzed. Should the data only include image data 
from block 238, this image data may be used to identify 
areas of interest, the patient size, and be used to assist 
in preparing the surgical plan: By viewing this data, such 
-as 4D data, -which is essentially 3D data over time or 
static image data, certain abnormal or irregular move- 
ments in the area of interest may be identified. These 
areas may be identified by visual examination, by per- 
forming finite element analysis or other known motion 
analysis to create a 3D model of the captured image. 
The finite element analysis may include calculating the 
instantaneous center of rotation "x" or make this deter- 
mination from the image data itself. The overall shape 
of the spine may also be analyzed via the image data to 
identify and determine various force vectors on the discs 
of interest by analyzing the entire spine, the curvature 
of the spine and the articulation area of the angle of the 
spine relative to the ground. This information may be 
used to find force vectors and loading on the various 
regions of the vertebrae of interest. Should the sensed 



parameters also be used, or alternatively only be used, 
these sensor readings, which can be measured statical- 
ly or actively while the patient is moving are utilized to 
again identify points of interest or potential abnormal ac- 

5 tivities by sensing parameters, such as temperature, 
pressure, stress, and strain in the area of interest. 
[0102] Once the data has been analyzed at block240, 
the procedure proceeds to block 243, where the implant 
and the type of procedure is selected. The implant is 

10 selected, based on the various abnormalities identified 
in order to enable the surgeon to resolve the noted ab- 
normalities. The implant is selected based on various 
parameters, such as material selection, performance 
characteristics, stiffness, style or implant type and siz- 

15 ing. Once the type of implant has been selected, sizing 
of the implant may also be pre-operativeiy performed, 
based on the data captured and analyzed at block 240. 
Sizing may be performed using known sizing templates, 
which provides the surgeon with a visual means of cor- 

20 relating the size of the implant to the area of interest. 
Alternatively, various sized templates automated in soft- 
ware may also be included and stored within the work 
station 36 and superimposed in the area of interest to 
provide a visual indication of the sized implant to select. 

25 in addition to selecting the type and size of the implant, 
the type of procedure to position the implant may be de- 
termined p re-op eratively. 

[01 03] Once the size and type of implant is selected, 
as well as the type of procedure, the procedure pro- 

30 ceeds to block 244. At block 244, the selected implant 
is implanted generally under surgical guidance in the ar- 
ea of interest. For example, a cervical disc implant may 
be implanted, as illustrated in Figures 8a-8g. However, 
any other type of implant procedure may also be per- 

35 formed to position the selected implant, which may in- 
clude a non-surgically guided procedure. Other exem- 
plary types of surgically guided procedures are set out 
in U.S. Patent No. 6,470,207, entitled "Navigation Guid- 
ance Via Computer-Assisted Fluoroscopic Imaging," is- 

40 sued October 22, 2002; U.S. Patent No. 6.434,415, en- 
titled "System For Use in Displaying Images Of A Body 
Part," issued August 13, 2002; and U.S. Patent No. 
5,592,939, entitled "Method and System for Navigating 
a Catheter Probe," issued January 14, 1997, all of which 

45 are hereby incorporated by reference. 

[0104] After implantation, there is a recovery period, 
exemplified by block 246. The recovery period will vary 
depending on the type of procedure, the type of implant, 
the patient's medical history and age, and other varia- 

50 bles. 

During this period, the area of abnormality surrounding 
the implant may also heal and recover. For example, if 
a cervical disc was implanted, the muscular structure 
surrounding this area, which may have previously been 
55 overcompensating because of the abnormality may now 
have returned to a normal state. These surrounding 
structure changes, may affect the way the implant was 
positioned within the patient or the performance char- 
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acteristics of the implant. In this regard, if the implant 
was positioned based upon abnormal surrounding 
structure, the implant may subsequently not provide the 
full range of motion as anticipated, thereby potentially 
resultingin further surgeries being required. Alternative- 
ly, the initially selected performance characteristics of 
the implant may have changed to due subsequent heal- 
ing or other actions : thereby rendering the initial per- 
formance characteristics inappropriate for the current 
patient's condition. These performance characteristics 
can be any type of characteristics regarding the implant, 
including stiffness, actuation, loading, range of motion, 
etc. With the implant being an adjustable or tunable im- 
plant, corrections may be made to compensate for any 
subsequent anomalies observed by the surgeon. Again, 
the anomalies may result from healing of surrounding 
tissue, incorrect initial placement, changes in perform- 
ance characteristics, or any other reasons. It should also 
be pointed out that if undesirable performance charac- 
teristics result after healing, the surrounding tissue and 
discs may also be damaged or deteriorate, thereby com- 
pounding recovery time and maybe requiring additional 
implants. This is the reason that providing the proper 
performance characteristics after healing is so critical. 
[0105] After the patient has healed for some time, a 
post-operative exam is performed, exemplified at block 
248. This post-operative exam may be conducted in dif- 
ferent manners, depending upon the type of implant, the 
type of sensors and controls available with the implant, 
as well as the types of adjustments available with the 
implant. Some implants may have adjustment capabili- 
ties that require minimally invasive percutaneous type 
procedures, while other implants can be adjusted tele- 
metrically or adaptively, as further discussed herein. 
The pre-operative exam may also be carried out using 
various types of equipment, again depending upon the 
capabilities of the implanted device, further discussed 
herein. 

[0106] The pre-operative exam includes a motion 
analysis study, represented by block 250. This motion 
analysis study generally involves articulating the area of 
interest to determine range of motion, strength, etc. Dur- 
ing this motion analysis study, the patient 14 is typically 
put through various motion testing. This testing may in- 
clude various calisthenics, treadmill performance, 
weight lifting, gate analysis, etc. The motion analysis 
250 can be performed and studied using an image- 
based procedure, set out at block 252, a sensor-based 
procedure, set out at block 254, or an image and sensor- 
based procedure, set out in block 256. It should also be 
pointed out that while block 250 is labeled motion anal- 
ysis, the analysis can be performed via static image- 
based procedures or static sensor-based procedures, 
which are contemplated and included in the motion anal- 
ysis study 250. In this regard, as opposed to putting the 
patient through various motion tests, the static image 
data or sensed data can be obtained and reviewed, via 
the image-based block 252 or the sensor-based block 



254 to determine if the performance characteristics 
have changed. These static studies would simply look 
at the proper placement, impingement, etc. in the areas 
of interest to be used for subsequent post-operative tun- 

5 ing, further discussed herein. 

[0107] The image-based procedure may be per- 
formed by either employing a localization or navigation 
tracking system or capturing image data, such as 3D or 
4D image data, by an imaging device, such as a 4D CT 

10 imaging device. Should the motion analysis study be 
performed using localization or navigation technology, 
capturing image data and registration is performed as 
disclosed herein. U.S. Patent No. 6,434,415, entitled 
"System for Use in Displaying Images of a Body Part," 

15 issued August 13, 2002, also discloses pre-operative 
planning using navigation technology, which is hereby 
incorporated by reference. In general, pre-acquired im- 
age data may be obtained, for example, in the cervical 
spinal region. Before this image data is obtained, fiducial 

20 markers and localization sensors may be attached to 
each vertebrae of interest. Once the image data has 
been captured with these sensors in place, the patient 
14 may be positioned on a treadmill with the tracking 
system 44 placed in proximity to track the motion of each 

25 vertebrae. This motion can include a gate analysis study 
of the patient's motion as well. Before the motion anal- 
ysis begins, the navigation space of the patient 14 is 
registered to the pre-acquired images. Once the patient 
14 begins the motion or movement for the motion anal- 

30 ysis 250, tracking of the moving vertebrae may be cap- 
tured and illustrated on a display, such as the display 
10, or any other display. 

[0108] If localization and navigation technology is not 
employed, image data may simply be captured over 

35 time during the motion analysis 250, for example, by the 
use of a four-dimensional CTscan. With this image data 
captured, each individual vertebrae may be segmented 
out using known segmenting algorithms. These types of 
algorithms generally involve thresholding or templates, 

40 which will segment out each vertebra in the scan. Once 
each vertebrae is segmented out, finite element analy- 
sis may be performed using known finite element anal- 
ysis. The finite element analysis may also be used to 
calculate the instantaneous center of rotation "x". The 

45 information gathered during motion analysis 250 is used 
to determine the necessary adjustment of the implant at 
block 258. This information may include visualization of 
impinged areas around the implant, misalignment, etc. 
[0109] Should the motion analysis be sensor-based, 

50 as illustrated at block 254, the sensor readings of vari- 
ous parameters are used to determine if there is any 
necessary adjustment, at block 258. The sensor based 
approach may either take readings from sensors locat- 
ed within the implant or from sensors attached to the 

55 patient during this analysis. The sensors may take tem- 
perature readings, which can indicate potential friction 
and higher forces, strain or stress readings, as well as 
load readings or any other parameter readings. Again, 
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this information is used at block 258 to determine the 
necessary adjustment to the implant. 
[01 10] At block 256, both an image and sensor-based 
motion analysis may be conducted. This analysis es- 
sentially combines the image data at block 252 and the 
sensor data at block 254 to perform the post-operative 
analysis of the patient; Again, this information is used 
at block 258 to determine any necessary adjustments 
of the implant. When using both the image and sensor- 
based motion analysis, the sensed parameters may be 
synchronized in time with the image data to provide in- 
formation on when the sensed parameters were cap- 
' tured relative to the time and the image. 
[0111] At block 258, the data captured during motion 
analysis 250 is studied to determine whether any adjust- 
ments are necessary relative to the implant. For exam- 
ple, if- a cervical disc was implanted and the patient 
healed and subsequent spinal alignment occurred, the 
range of motion may be compromised. In order to pro- 
vide the proper range of motion, post-operative tuning 
of the implant may be necessary, based on the motion 
analysis study 250. 

[0112] The post-operative tuning of the implant may 
also be necessary when the performance characteris- 
tics of the implant have changed. 
Performance characteristics may be selected, based on 
various criteria, such as when the patient is in a relatively 
static state, thus requiring certain performance charac- 
teristics, as compared to when the patient is in vigorous 
active state, where the performance characteristics 
must be changed. For example, the spinal implant may 
not need significant stiffness in a relatively static condi- 
tion, while in very active condition, the spinal implant 
may require a stiffer cushioning. The performance char- 
acteristic may have been selected when the patient was 
disabled, so that once the patient heals, the perform- 
ance characteristics may have to be adjusted accord- 
ingly. This adjustment may be conducted using a mini- 
mally invasive adjustment procedure at block 260 or a 
telemetric adjustment procedure at block 262. 
[0113] In the minimally invasive adjustment at block 
; * 260; percutaneous adjustment ok the implant may be 
performed by actuating various adjustment, mecha- 
nisms, with in the implant, further discussed herein. For 
example, adjustment screws may be positioned at hinge 
points within the implant and engaged by a driver in a 
minimally invasive type procedure to provide the proper 
adjustment, thereby reacquiring the proper range of mo- 
tion, via adjusting the articulating surfaces of the im- 
plant. Adjustment of the performance characteristic, 
such as stiffness may also be performed, as further dis- 
cussed herein. 

[0114] Should a telemetric adjustment procedure be 
performed at block 262, a non-surgical adjustment 
would be performed. In this regard, the implant may be 
driven telemetrically, using known telemetric type wire- 
less systems, such as that disclosed in U.S. Patent No. 
6,474,341, entitled "Surgical Communication Power 



System," issued Novembers, 2002, which is hereby in- 
corporated by reference or any other known wireless telr 
emetric systems. The telemetric system may be an RF 
based or electromagnetic based telemetric system, as 
5 is known in the art. The implant may be a passive or 
active battery powered device that includes motors, 
pumps or any other devices used to adjust the implant, 
further discussed herein. 

[0115] Once the adjustments have been performed, 

io the procedure proceeds to block 264 where the adjust- 
. ment is confirmed. If the adjustment is proper, the pro- 
cedure ends at block 266. If not, further adjustments are 
performed. This pre-operative and post-operative pro- 
cedure provides better initial implantation accuracy and 

is- implant selection, as well as the opportunity for post- 
operative tuning or adjustment of the implant. The post- 
operative tuning enables adjustment of articulating sur- 
faces, supports, or other parameters within the implant 
posl-operalively without. requiring revision surgery. 

20 [0116] Referring to Figures 11 and 12, an instrument 
assembly that includes a mounting platform 268 and an 
attachment jig 270 for use in a surgical navigated spinal 
procedure is illustrated. The mounting- platform 268 is 
percutaneously attached to a series of vertebrae 272, 

25 via multiple K-wires 274. 

In this regard, the mounting, platform 268 is, positioned 
outside the patient's body and above the vertebrae 272 
of interest. The mounting-platform 268 may be.sized to 
span any number of vertebrae 272. In this example, four 

30 vertebrae 272 are spanned with the mounting platform 
268 with the first and fourth vertebrae being secured to 
the mounting platform, via K-wires 274. The mounting 
platform 268 is designed to retain the spanned or cap- 
tured vertebrae 272 in a relatively fixed or rigid manner 

35 during the spinal disc implant procedure. With the first 
and last vertebrae captured via the K-wires, the inter- 
mediate vertebrae 272 are generally held in a substan- 
tially fixed manner. Upon removing cartilage and other 
intermediate material between adjacent vertebrae, ad- 

^0 ditional K-wires may be necessary for the intermediate 
vertebrae ; 272 to maintain the rigid structure. 
[0117] The mounting platform ; 268 generally includes 
a rectangular-shaped beam 276 and a pair of outer at- 
tachment members 278. The rectangular beam 276 de- 

45 fines a plurality of peg holes 280, which are used to ad- 
justably and removably retain the jig 270, along the 
member 276. The rectangular beam 276 also defines 
access and viewing holes or. ports 282 enabling access 
from above and viewing of the relevant vertebrae. These 

50 access windows 282 can also be used to receive or pass 
surgical instruments during the medical procedure. 
Each attachment member 276 defines K-wire holes 284, 
which slidably receive the K-wires 274 in order to retain 
and secure the mounting platform 268 relative to the ver- 

55 tebrae 272. 

[0118] An exemplary positioning jig 270 is illustrated 
in further detail in Figure 12 and is operable to be re- 
movably attached to the mounting platform 268, as 
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shown in Figure 11 . In this regard, the jig 270 includes 
attachment peg 286 that is slidably received within holes 
280. Positioned adjacent to the peg 286 is a pair of 
shoulders 288 that extend on either side of the rectan- 
gular beam 276 as the peg 286 is received within the 
hole 280. The jig 270 may be positioned along any part 
of the rectangular beam 276 by simply slidably inserting 
the peg 286 into one of the selected holes 280. Alterna- 
tively, any type of attachment mechanism to attach the 
jig 270 to the mounting platform 268 may be used. 
Once the peg 286 is positioned in one of the selected 
holes 280, the jig 270 is positioned substantially be- 
tween a pair of vertebrae 272 in which the surgical pro- 
cedure will be performed. The jig 270 further includes a 
work platform 290 that defines a passage 292 and in- 
cludes a securing mechanism 294. The work platform 
290 is positioned^ an angle relative to the mounting 
platform 268 to provide Intervertebral body access. The 
angle 296 illustrated with jig 270 provides for a 46° work- 
ing platform 290. It should also be pointed out that mul- 
tiple jigs 270 may be provided with the working platform 
290 being positioned at various angles or the jig 270 
may be adjustable to vary the angle, via a hinge or an 
adjustment mechanism between the working platform 
and the body of the jig 270. 

[0119] The working platform 290 enables various in- 
struments to be attached to the working platform, via the 
attachment mechanism 294, which may be a screw at- 
tachment, quick lock attachment, snap-fit attachment, 
or any other type of attachment mechanism. In one em- 
bodiment, a robot 298 may be attached to the working 
platform 290. This robot 298 may be remotely controlled 
and be used to drive milling, drilling, resection, or other 
instruments 300 through the passage 292. The robot 
298 can either actuate the motorfor the instrument 300 
or can simply provide and act as an adjustable guide 
tube that may be controlled directly or remotely. Any 
type of known robotically controlled instrument may be 
utilized. Alternatively, the jig 270 may retain a manually 
adjustable guide tube that receives various instruments 
to be used during the procedure. The adjustable guide 
tube may also be lockable into a desired position in order 
to provide a rigid guide tube. Still further, the jig 270 may 
simply be used to pass and guide various instruments 
between the vertebral bodies 272. In this regard, the in- 
struments as illustrated in Figures 8a-8g may be used 
in accordance with the jig 270 or other jigs providing var- 
ious types of access ports 292. These access ports may 
be circular, slotted or any other shaped port to enable 
access between the vertebral bodies 272. 
[0120] Generally, the mounting platform 268 will not 
include any localization sensors 58 or fiducial markers 
60. The localization sensors 58 are generally positioned 
relative to the jig 270. The localization sensors 58 may 
be positioned on the guide tube and on the surgical in- 
strument to determine orientation and depth of the sur- 
gical instrument 300 : respectively. The localization sen- 
sor 58 may also be positioned on the robotically control- 



led device 298 to determine both orientation and depth 
of the instrument 300. The mounting platform 268 may 
also include localization sensors 58 if desired, which 
may be used to provide further localization of the verte- 

5 brae 272. It should further be pointed out that the dy- 
namic reference frame 54 may be attached or integrated 
into the mounting platform 268 in order to provide in- 
creased accuracy during the implant procedure. In this 
regard, since any motion of the mounting platform 268 

10 would be identified, via an integrated dynamic reference 
frame 54, this motion is positioned substantially adja- 
cent to the area of interest and the area being operated 
upon, providing increased registration and tracking of 
the instruments during the procedure. 

15 [0121] By providing the mounting platform 268 that 
spans multiple vertebrae, multiple segment implantation 
may be performed in a minimally invasive and surgical 
navigated manner between the multiple vertebrae 272. 
For example, as illustrated, three separate cervical 

20 discs may be positioned between the four vertebrae 272 
without requiring removal or replacement of multiple jigs 
as would typically be necessary. By providing a mount- 
ing platform 268 that can accommodate various size jigs 
and can be positioned between various vertebrae 272, 

25 a more precise and accurate implantation may be 
achieved in a more minimally invasive and efficient man- 
ner. 

[01 22] A ball and socket type cervical disc implant 302 
is illustrated in Figure 13 that provides for percutaneous 

30 adjustment. The cervical disc implant 302 is based upon 
the Prestige Cervical Disc System provided by Medtron- 
ic Sofamor Danek of Minneapolis : Minnesota, but in- 
cludes a tuning or adjustment capability. It should also 
be pointed out that while a cervical disc implant is dis- 

35 closed herein, the present invention is not limited to 
merely cervical disc implants, but may include thoracic 
and lumbar spinal implants, as well as any other type of 
orthopedic implant that may require post-operative tun- 
ing. The cervical disc 302 comprises two articulating 

40 members that include a socket member 304 and a ball 
member 306. The socket member 304 includes a 
mounting flange 308 that defines generally two mount- 
ing holes 31 0 for receiving bone screws 312. The socket 
member 304 also defines the articulating socket 314 

45 and is generally placed at an angle relative to the flange 
308. Located at the junction between the flange 308 and 
the socket 31 4 is an adjustment or hinge region 31 6 de- 
fining an adjustment slot 31 8. Located within the adjust- 
ment slot 31 8 is an adjustment screw 320. Upon percu- 

50 taneously engaging a head 321 of the adjustment screw 
320, via any known driving instrument, the angle 324 
between the flange and the socket 31 4 may be adjusted, 
via a wedge portion 322, in a minimally invasive manner. 
The head 321 may include a hex, a Phillips, a slotted, 

55 or any other type of engagabte drive mechanisms that 
can be engaged by any type of instrument. Moreover, 
the adjustment screw 320 may be reversed so that the 
head 321 is located opposite, at 90°, or at any other ori- 
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entation other than as illustrated to provide a different 
access point for the head 321 . 

[0123] The ball member 306 also includes a flange 
326 defining screw holes 328 to receive bone screws 
312. The ball member 306 also includes an articulating 
ball or spherical surface 330 that articulates with the 
socket 314. The flange 306 also includes adjustment or 
tuning portion 332 that defines a slot 334 for receiving 
another set screw 320 having head 322. Again, upon 
adjustment of the set screw 320, the angle 336 between 
the flange 326 and the ball 330 is adjusted in a minimally 
invasive manner, via percutaneous placement of a sur- 
gical driver that engages the head 321 of the adjustment 
screw 320. 

[0124] By providing tuning or adjustment portions 31 6 
and 332 relative to the ball 330 and socket 314, adjust- 
ment of the articulating ball 330 relative to the socket 
314 may be made. Again, after a motion analysis 250 
has been performed, a minimally invasive adjustment of 
the implant 302, such as the implant shown in Figure 1 3 
may be performed by simply adjusting set screws 320. 
This adjustment may relieve impingement, increase 
range of motion, or provide other post-operative adjust- 
ments that would previously require a revision type sur- 
gical procedure. 

[0125] Referring now to Figure 14, a modified embod- 
iment of the cervical disc 302 is illustrated. In this regard, 
like reference numerals will be used to identify like struc- 
tures as shown in Figure 13. The implant 302 provides 
for a telemetric type adjustment, as well as telemetric 
sensing capabilities. In this regard, the socket member 
304 includes an actuator/controller 338 and a sensor 
340 positioned along the articulating surface of the sock- 
et 314. Likewise, the ball member 306 also includes an 
actuator/controller 342 and a sensor 344 positioned 
along the articulating ball surface 330. The sensors 340 
and 344 may be used to sense various parameters in 
the articulating joint, including temperature, pressure, 
stresses, strain and other loading properties. These 
sensors 340 and 344 may be used during the sensor 
based motion analysis 254 to sense the noted parame- 
ters during the motion analysis study 250. This sensed 
information is sent to its corresponding actuator/control- 
ler 338 or 342, which is able to telemetrically transmit 
information, further discussed herein , during this sensor 
based motion analysis 354. 

[0126] Each actuator/controller 338 and 342 may ei- 
ther be a passive type device or an active rechargeable 
battery powered device. If the actuator/controllers 338 
and 342 are passive type devices, they may include res- 
onant LC circuits, which will resonate when adjacent 
generating coils, generate an electromagnetic field, 
thereby enabling transmission of the sensed information 
from sensors 340 and 344. An example of such a system 
is set out in U.S. Patent No. 6,474,341 , entitled "Surgical 
Communication and Power System," issued November 
5, 2002, which is hereby incorporated by reference. Oth- 
er types of known wireless telemetric systems may also 



be utilized. Actuator/controllers 338 and 342 may also 
be battery powered using rechargeable batteries that 
are either embedded within the implant or positioned re- 
mote from the implant and implanted within the patient, 
5 similar to known pacemaker technology. These re- 
chargeable batteries may be recharged telemetrically 
similar to existing pacemaker batteries, as is known in 
the art. 

[01 27] If the system is a passive system, the data may 
10 be acquired from the corresponding sensor during the 
motion analysis study 250 in the post-operative exam 
248 during the various motion tests performed on the 
patient 14. This information is gathered at the time of 
the study and is used to analyze whether or not further 
15 adjustments are necessary to the implant 302. Alterna- 
tively, if the system is an active system and battery pow- 
ered, data may be sampled overtime, stored in memory 
and transferred during the motion analysis study 250 or 
during other transfer periods, as further discussed here- 
to in. With this type of telemetric system, the implant 302 
may be adjusted remotely by driving either actuator/con- 
troller 338 or 342 to remotely adjust the adjustable set 
screw 320, via known actuation type mechanisms. 
Again, while a hinge/set screw adjustment mechanism 
25 j s shown, any other appropriate adjustment mechanism 
may be employed, such as worm gears, pinions, etc. 
Thus, telemetric adjustment 262 may be performed by 
simply positioning a corresponding transmit and receiv- 
ing instrument adjacent to the implant site to both re- 
30 ceive sensor information and remotely drive the actua- 
tors/controllers 338 and 342 to provide remote telemet- 
ric adjustment of the implant in a non-surgical manner. 
By adjusting either the angle 324 or the angle 336, the 
range of motion, contact, articulating surface adjust- 
35 ments, or other type of adjustments to relieve impinge- 
ment and increase the range of motion may be per- 
formed in a post tuning technique. Briefly, Figure 15 
shows the implant 302 implanted between a pair of ver- 
tebrae 272 and aligned, such that the instantaneous 
40 center of rotation are properly positioned within the cent- 
er articulating longitudinal axis Y of the spine (see Fig 
• 8a). 

[0128] Referring to Figure 16, another embodiment of 
a cervical spinal implant 346 is illustrated. The spinal 

45 implant.346 is based on the spinal disc prosthesis, set 
out in U.S. Patent No. 5,674,296, entitled "Human Spi- 
nal Disc Prosthesis," issued October 7, 1997 and U.S. 
Patent No. 5,865,846, entitled "Human Spinal Disc 
Prosthesis," issued February 2, 1999, each of which are 

so hereby incorporated by reference. That is also known 
as the "Bryan Cervical Disc System," offered by 
Medtronic Sofamor Danek of Minneapolis, Minnesota. 
The spinal implant 346, however, also includes a tuning 
and adjustment mechanism. The spinal implant in- 

55 eludes a pair of rigid support plates 348 and a pair of 
attachment flanges 350 that define attachment holes to 
receive bone screws (see Figure 8g). Positioned be- 
tween the support plates 348 is a flexible bladder device 
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352. 

[0129] In order to provide for either minimally invasive 
or telemetric adjustment of the implant 346, the bladder 
mechanism 352 is separated into a plurality of individual 
bladders 354. As illustrated, the implant 346 includes 5 
three adjacent bladders 354. Located within each blad- 
der 354 is a sensor 356 that is used to sense the pres- 
sure within each bladder 354. These sensor readings 
are passed to a bladder control system 358. The bladder 
control system 358 may again be a passive device or 
an active battery powered device. If passive, the sensor 
information will be received during the motion analysis 
study 250 and adjustment may be performed telemet- 
rically during this study using known telemetric driving 
devices. If the bladder control system 358 is an active 
powered system, the system may either operate similar 
to the passive system or may be an adaptive system 
that provides real time adjustment for the implant 346. 
In this regard, each sensor 356 may sense pressure dif- 
ferences in each bladder 354 while the bladder control 
system 358 attempts to equalize the pressures in the 
bladders 354 in a real time manner. The bladder control 
system 358 includes a processor controller 358 and ei- 
ther a battery or known passive driving device. The blad- 
der control system 358 also includes a pump used to 
transfer fluid retained within the bladders 354 by con- 
trolling remote valves 360 and a memory if necessary 
for storing sampled data. 

[0130] The implant 346 may also include a reservoir 
361 that retains a drug that may be delivered through 
the external valve 360 and controlled by the bladder 
control system 358. In this way, controlled drug delivery 
to the surrounding bone may also be achieved with the 
implant 346. The drug can include a bone morphagenic 
protein (BMP) that is able to increase bone density and 
fusion of broken bones, by delivering the BMP overtime 
to the surrounding infected bones. This drug delivery ca- 
pability of the implant 346 may be actively delivered if 
the system is battery-powered, or telemetrically deliv- 
ered, via an active or passive device during patient ex- 
ams. 

[0131] In operation, the implant 346 may be used to 
sense pressure in each individual bladder 354, via the 
sensors 356 during the post-operative motion analysis 
250. With this information, a surgeon can direct the blad- 
der control system 358 to compensate for any abnor- 
malities in pressure in the bladders 354 in order to try to 
achieve uniform pressure throughout the implant 346. 
The bladders 354 generally include a saline solution that 
can be transferred between bladders 354, via the blad- 
der control system 358 and control valves 360. In addi- 
tion, there is an external valve 360 that may be used to 
release saline fluid harmlessly into the body to relieve 
pressure. Alternatively, the external valve 360 may be 
used to receive additional fluid percutaneously in a min- 
imally invasive way. Thus, the implant 346 may be post- 
operatively adjusted or tuned, depending upon the heal- 
ing of the patient, post-operative trauma, or to provide 



further refinement and increased performance of the im- 
plant 346. 

[0132] Alternate embodiments of the implant 346 is 
illustrated in 16a-16c. Here again, like reference numer- 
als are used to identify like structures . The spinal implant 
346 is substantially similar to the spinal implant illustrat- 
ed in Figure 1 6, except that the spinal implants illustrat- 
ed in Figure 16a-16c are multi-segment implants 346 
that allow for a minimally invasive technique and a pos- 
terior implantation approach. The implant 346 illustrated 
in Figure 16a includes a pair of rigid support plates 348 
that include a hinged region 349. This hinged region 369 
includes a single hinge that enables the implant 346 to 
be substantially compressed so that the plates 348 are 
adjacent to one another. Once adjacent to one another, 
the plates 348 may be folded via the hinge region 349 
creating a semi-circular shape that is significantly small- 
er than the whole implant 346. This enables the implant 
to be implanted posteriorly in a minimally invasive man- 
ner by simply sliding the folded implant 346 into a small 
incision and re-assembling or unfolding the implant 346, 
along the hinge region 349 at the implant area. The 
hinge 349 also includes a lock 351 that is used to lock 
the hinge 349 to insure that each plate 348 is locked in 
a planar fashion. Once locked, the implant 346 is posi- 
tioned between the adjacent vertebrae 242 similar to 
that shown in Figure 16. 

[01 33] Implant 346, illustrated in Figures 1 6b and 1 6c 
also includes a hinged region 349 that consists of a pair 
of hinges positioned on either side of the flange 350. 
Again, the hinge region 349 enables the end plates 348 
to be folded, as illustrated in Figure 1 6c to enable a pos- 
terior minimally invasive procedure. This implant 346 al- 
so includes a lock 351 that rotates to lock the pair of 
hinges in the hinge region 349 in a substantially planar 
manner. 

[01 34] Another embodiment of the spinal implant 346 
is shown in Figure 17, which provides a different type of 
adjustment mechanism. Here again, like reference nu- 
merals will be used to identify like structures. Again, the 
spinal implant 346 includes a pair of supporting plates 
348, a pair of flanges 350 and a support or bladder de- 
vice 352. Located within the bladder device 352 is a sin- 
gle bladder 354, which can be filled with a saline solu- 
tion, or optionally not filled with fluid. Again, sensors 356 
are located in different regions within the bladder 354 
and used to either sense fluid pressure or used as a 
strain gauge to measure loading forces. The readings 
from the sensors 356 are read by a force control system 
362, which can again either be a passive device or a 
battery powered active device. The force control system 
362 operate similar to the bladder control system 358, 
except that as opposed to directing fluid between vari- 
ous bladder chambers, it includes force control beams 
or members 364 that are used to apply a force to the 
plurality of springs 366 positioned within the bladder 
354. By compressing the springs 366 in different quad- 
rants with the control beams 364, tension in the springs 
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366 are increased, thereby providing additional support 
within the implant 346. Each spring may be selectively 
adjusted, depending upon the desired tuning or adjust- 
ment necessary. Again, this adjustment is based upon 
the motion analysis study done during the post-opera- 5 
tive exam 248. 

[0135] The force control system 362 may be used to 
adaptively or actively adjust the implant 346 if the force 
control system is an active battery powered system. Al- 
ternatively, the force control system 362 may adjust the 
force with in the implant 346 during the telemetric adjust- 
ment 262 if the system is simply passive. The bladder 
control system 358 and the force control system 362 
may be formed using conventional micro electronics 
and mechanical devices or may be formed from micro 
electromechanical system (MEMS) technology, known 
in the art. 

[0136] A multiple segment implantation is illustrated 
in Figure 18 that includes multiple implants 368. Each 
implant 368 may be implanted utilizing the mounting 
platform 268 and jig 270, as illustrated in Figures 11 and 
12. Implants 368 may also be implanted using other pro- 
cedures, such as that shown in Figures 8a-8g. Each im- 
plant 368 includes a sensor 370 and an adjustment ac- 
tuator 372, similar to that shown in Figure 14, 16, and 
17. However, each implant 368 is controlled and actu- 
ated, via an active rechargeable battery powered exter- 
nal controller 374 Optionally, each implant 368 may in- 
clude its own individual internal controller 374 that can 
communicate to the other implants 368, via a wireless 
or wire connection. Alternatively, a single internal mas- 
ter controller 374 may be positioned within one of the 
implants 368, which is used to control and drive the re- 
maining implants 368 in a master/slave relationship. 
[01 37] Controller 374 is used to sense various param- 
eters again, such as temperature, pressure, etc. where 
actuators 372 are used to tune or adjust each implant 
368 accordingly. The controller 374 may be implanted 
adjacent to the spinal region, similar to a controller and 
battery for a pacemaker. The multiple segment implan- 
tation with each implant 368 communicating with the 
other surrounding implants 368 enable real time adap- 
tive control of this spinal region, such as the cervical spi- 
nal region of the patient 14. In other words, the controller 
374 may sense, via the sensors 370 whether any one 
of the implants 368 is under too much pressure or one 
may be too laxed and adjust accordingly, depending up- 
on the patient's movements. In this regard, when the pa- 
tients at rest, extra support between the vertebrae 272 
may not be necessary. However, when the patient 14 is 
doing physical activities or exercise, additional support 
may be necessary between each vertebrae 272 and 
each implant 368 may be expanded during this period 
in an adaptive manner. Alternatively, the controller may 
again simply be a passive controller or an active con- 
troller and used to send and receive information, as well 
as adjust the implants 368 during the post-operative ex- 
am 248, via the telemetric adjustment 262. 



[0138] Turning to Figure 19, an exemplary telemetric 
system used for performing the motion analysis 250 is 
illustrated. In this regard, the patient 14 may undergo 
the motion analysis 250 by exercising on a treadmill 376. 
The treadmill 376 is positioned within a transmit/receive 
module 378. When the patient 14 is positioned within 
the transmit/receive module 378 and exercising on the 
treadmill 376, information can be collected from the par- 
ticular implant during the motion analysis 250 using the 
sensor based 252 data analysis, via the telemetric ad- 
justment 262. In other words, the transmitter/receive 
module 378 includes signal transmitters and receivers 
to either actuate a passive or active controller to receive 
sensed information. This information is forwarded to a 
control processor 380 where the surgeon can analyze 
the collected sensed data. Once the data has been an- 
alyzed, the controller 380 is used to actuate the transmit/ 
receive module 378 to adjust one or more implants in 
the patient, via the control actuator circuits, disclosed 
above. It should also be noted that an imaging device 
may also be positioned adjacent to the patient 14 while 
the patient is on the treadmill 376 to provide both an 
image-based and a sensed-based motion analysis 250, 
as previously discussed. 

[01 39] Referring now to Figure 20, another telemetric 
system used to transmit motion analysis information to 
the doctor is disclosed. With this technique, the patient 
1 4 can simply conduct a self analysis by positioning him 
or herself adjacent to a computer 382. Attached to the 
computer 382 is a transmit/receive module 384. The 
transmit receive module 384 operates similar to the 
transmit receive module 378, except that the patient 14 
can simply run through a set of suggested motions, 
while the transmit receive module 382 telemetricaliy re- 
ceives information from the implant positioned within the 
patient 14. This information can be transmitted, via the 
computer 382 online to a receiving hospital or doctor's 
office. The doctor may then analyze this information, 
make a recommendation to the patient 14 whether the 
patient 14 should come in to the office for a telemetric 
adjustment 362 of the patient's implant. Alternatively, 
the doctor may also simply instruct the transmit control 
module 384, via the computer 382, to perform the tele- 
metric adjustment of the patient 1 4 in the patient's home. 
[0140] The procedure 230, as well as the associated 
implants, systems and instruments, enables both pre- 
operative and post-operative review and analysis. Ad- 
ditionally, post-operative tuning of the implant may also 
be achieved without requiring revision surgery or highly 
invasive types of procedures. In this regard, either min- 
imally invasive or telemetric adjustments of the implants 
may be achieved. 

[0141] The description of the invention is merely ex- 
emplary in nature and, thus, variations that do not depart 
from the gist of the invention are intended to be within 
the scope of the invention. Such variations are not to be 
regarded as a departure from the spirit and scope of the 
invention. 
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[0142] The method for tuning an implant positioned 
within a patient, can include conducting a post-operative 
exam of the implant positioned within the patient. 
[01 43] The post-operative exam can include a motion 
analysis on the operation of the implant positioned with- 5 
in the patient. 

[0144] The motion analysis can be an image-based 
motion analysis and includes capturing images of the 
implant positioned within the patient. 
[0145] The images can be captured during motion of 
the patient to observe tne implant in operation. 
[0146] The images can be captured during a static 
condition of the patient to observe the implant in opera- 
tion. 

[0147] The motion analysis can be a sensor-based 
study where various parameters are sensed at the im- 
plant site. 

[01 48] The parameters can be selected from a group 
comprising temperature, pressure, stress, strain, load- 
ing force } tortional force, and frictional force. 
[0149] The sensed parameters can be sensed from 
at least one sensor positioned within the implant. 
[0150] The motion analysis can be both image-based 
and sensor-based where the sensor-based analysis in- 
cludes obtaining at least one reading of a parameter at 
the implant site. 

[0151] The step of determining if any adjustment of 
the implant is necessary can include analyzing the mo- 
tion analysis study. 

[0152] The step of adjusting the implant can include 
performing a minimally invasive adjustment. 
[01 53] The minimally invasive adjustment can be per- 
formed by engaging an adjustment mechanism within 
the implant with an adjustment instrument. 
[0154] The adjustment instrument can actuate an ad- 
justment portion within the implant to adjust the orienta- 
tion of the implant within the patient. 
[01 55] The adjustment instrument can engage the im- 
plant to at least deliver a fluid or release a fluid within 
the implant. 

[01 56] The step of adjusting the implant can includes 
adjusting the implant telemetrically in a non-surgical 
procedure. 

[0157] The telemetric adjustment can include wire- 
lessly actuating a driver within the implant to adjust per- 
formance of the implant positioned within the patient. 
[01 58] The wireless actuation of the driver further can 
include wirelessly activating at least one of a passive 
driver and an active driver positioned within the implant. 
[01 59] The step of adjusting the implant can be a real- 
time adaptive adjustment of the implant without any out- 
side intervention. 

[01 60] The method can further comprise tuning a plu- 
rality of implants positioned within the patient. 
[0161] The method can further comprise adaptively 
adjusting the plurality of implants with a single controller 
positioned within the patient. 

[0162] The method can further comprise positioning 



the controller within one of the plurality of implants. 
[0163] The method can further comprise providing 
communication between the plurality of implants. 
[01 64] The implant used in the method can be a spinal 
disc implant, e.g. a cervical spinal disc implant, and can 
include an articulating ball and socket and/or an adjust- 
able bladder. 

[0165] A further aspect of the invention relates to a 
display for use in guiding a medical device to a target in 
a patient during a medical procedure, said display com- 
prising: 

a first indicia illustrated on said display identifying a 
first degree of freedom information; 
a second indicia illustrated on said display identify- 
ing a second degree of freedom information; 
a third indicia illustrated on said display identifying 
a third degree of freedom information; 
a fourth indicia illuslraled on said display identifying 
a fourth degree of freedom information; and 
a fifth indicia illustrated on said display identifying a 
fifth degree of freedom information, wherein said 
first, second, third, fourth, and fifth indicias are illus- 
trated on said display to assist in guiding the med- 
ical device to the target. 

[0166] The display can further comprising a sixth in- 
dicia illustrated on said display identifying a sixth degree 
of freedom of information. 

[0167] The indicia can be illustrated in a coordinate 
system selected from a group comprising a Cartesian 
coordinate system, a spherical coordinate system, a po- 
lar coordinate system, and a combination thereof. 
[0168] The first, second, and third indicia can be X, Y, 
and Z axes, respectively, and the fourth, fifth, and sixth 
indicia can be rotation about the X, Y, and Z axes, re- 
spectively. 

[0169] At least one indicia can illustrate a safe zone 
in relation to said corresponding degree of freedom in- 
formation. 

[0170] Each indicia can illustrate a safe zone. 
[0171] The safe zone can be illustrated by way of 
color, audible tones, cross-hatching and a combination 
thereof. 

[0172] The display can further comprise an indicia of 
a tip portion of the medical device and an indicia of a 
hind portion of the medical device illustrated on said dis- 
play depicting the relative position and orientation of the 
medical device. 

[01 73] This tip can be represented by cross-hairs and 
the hind is represented by a circle. 
[01 74] Said X axis can be represented by a horizontal 
axis, said Y axis by a vertical axis crossing said X axis, 
and said Z axis by a separate axis having an arrow iden- 
tifying the position along the Z axis. 
[0175] Rotation about the X axis can be illustrated by 
a straight bar graph having an arrow identifying the 
amount of rotation, wherein the rotation about the Y axis 
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is illustrated by a straight bar graph having an arrow il- 
lustrating the amount of rotation about the Y axis and 
the rotation about the Z axis is illustrated by an arcuate 
bar graph having an arrow illustrating the rotation about 
the Z axis. 

[0176] The medical procedure can be selected from 
an orthopedic procedure, a spinal procedure, a neurov- 
ascular procedure, a cardiovascular procedure : a soft 
tissue procedure, and a combination thereof. 
[0177] The medical device can be selected from a 
group comprising a medical instrument, a surgical im- 
plant, and a combination thereof. 
[0178] The medical instrument can be selected from 
a group comprising a catheter, a reamer, a drill, a cutting 
block, a saw, an impactor, a biopsy needle, a delivery 
needle, and a combination thereof. 
[01 79] The implant can be selected from a group com- 
prising an orthopedic implant, a spinal implant, a cardi- 
ovascular implant, a neurovascular implant, a soft tissue 
implant, and a combination thereof. 
[0180] The display can further comprise a target/tra- 
jectory indicia identifying* the targetArajectory for the 
medical device. 

[0181] The display can further comprise indicia of a 
second targetArajectory identifying a second target/tra- 
jectory. 

[0182] The display can further comprise at least one 
of an image of the patient superimposed on said display 
and one of a model of the patient superimposed on said 
display. 

[0183] The display can further include multiple dis- 
plays. 

[0184] The first, second, third, fourth and fifth indicia 
can be simultaneously illustrated on said display. 
[0185] The dispiay can assist in the control of a sur- 
gical robot used during the medical procedure. 
[01 86] The target indicia can be an origin. 
[0187] A further aspect of the invention relates to a 
navigation system for use in guiding a medical device 
to a target in a patient during a medical procedure, said 
navigation system comprising: 

a tracking sensor associated with the medical de- 
vice and operable to be used to track the medical 
device; 

a tracking device operable to track the medical de- 
vice with the tracking sensor; and 
a dispiay having indicia illustrating at least five de- 
grees of freedom information and indicia of the 
medical device in relation to said at least five degree 
of freedom information. 

[0188] The tracking sensor can be attached to the 
medical device. 

[0189] The tracking sensor can be removably at- 
tached to the medical device. 

[0190] The tracking sensor can be an electromagnetic 
tracking sensor. 



[0191] The tracking sensor can be selected from a 
group comprising an electromagnetic sensor, an optical 
sensor an optical reflector, an electromagnetic transmit- 
ter, a conductive sensor, an acoustic sensor, and com- 
5 binations thereof. 

[0192] The tracking device can be an electromagnetic 
tracking device. 

[0193] The tracking device can be selected from a 
group comprising an electromagnetic tracking device, 
10 an optical tracking device, a conductive tracking device, 
an acoustic tracking device, and combinations thereof. 
[0194] The navigation system can further comprise an 
imaging device operable to generate image data of a 
region of the patient. 

[0195] The imaging device can be selected from a 
group comprising a C-arm fluoroscopic imager, a mag- 
netic resonance imager (MRI), a computed tomography 
(CT) imager, and a positron emission tomography (PET) 
imager, an isocentric fluoroscopy imager, a bi-plane 
fluoroscopy imager, an ultrasound imager, a multi-slice 
computed tomography (MSCT) imager, a high-frequen- 
cy ultrasound (HIFU) imager, an optical coherence to- 
mography (OCT) imager, an intra-vascular ultrasound 
imager (IVUS), a 2D, 3D or 4D ultrasound imager, an 
intra-operative CT imager, an intraoperative MRI imag- 
er, and a single photon emission computer tomography 
(SPECT) imager. 

[0196] The navigation system can be used as an im- 
age-less based navigation system wherein said image- 
less navigation system is operable to generate a model 
representing a region of the patient. 
[0197] The navigation system can further comprise a 
dynamic reference frame attached to the patient and op- 
erable to be used to track movement of the patient rel- 
ative to said tracking device. 

[0198] The medical device can be a medical instru- 
ment or implant. 

[0199] The medical instrument can be selected from 
a group comprising a catheter, a reamer, a drill, a cutting 
block, a saw, an impactor, a biopsy needle, a delivery 
needle, and combinations thereof, 
[0200] The implant can be selected from a group com- 
prising an orthopedic implant, a spinal implant, a cardi- 
ovascular implant, a neurovascular implant, a soft tissue 
implant, or a combination thereof. 
[0201] The display can further include indicia illustrat- 
ing a sixth degree of freedom information. 
[0202] The first, second, and third indicia can be X, Y, 
and Z axes, respectively, and the fourth, fifth, and sixth 
indicia can be rotation about the X, Y, and Z axes, re- 
spectively. 

[0203] At least one indicia can illustrates a safe zone 
in relation to said corresponding degree of freedom in- 
formation. 

[0204] The indicia of the medical device can include 
indicia identifying a tip portion and indicia identifying a 
hind portion of the medical device. 
[0205] The tip can include indicia of crosshairs and 
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said hind includes indicia of a circle. 
[0206] The medical device can have at least a first 
component and a second component where placement 
of said first component is dependent upon placement of 
said second component and wherein said display is op- 
erable to display proper position of said first component 
relative to said second component. 
[0207] The medical procedure can be selected from 
an orthopedic procedure, a spinal procedure, a neurov- 
ascular procedure, a cardiovascular procedure : a soft 
tissue procedure, and a combination thereof. 
[0208] A further aspect of the invention relates to a 
method for navigating and displaying a medical device 
during a medical procedure, said method comprising: 

selecting a target for navigating the medical device 
to; 

displaying the target in a coordinate system; 
tracking the medical device; and 
displaying the medical device in relation to the tar- 
get with at least five degrees of freedom informa- 
tion. 

[0209] The method can further comprise displaying 
indicia of the at least five degree of freedom information. 
[0210] The method can further comprise selecting a 
safe zone for at least one of the degrees of freedom co- 
ordinate. 

[0211] The method can further comprise selecting a 
safe zone for each degree of freedom coordinate. 
[0212] The method can further comprise selecting a 
type of coordinate system. 

[0213] The method can further comprise aligning the 
medical device with the target using the five degree of 
freedom information. 

[0214] The method can further comprise 

selecting a second target that is positioned in re- 
lation to the first target for a second medical device; and 
displaying the second target in the coordinate sys- 
tem. 

[021 5] The method can further comprise: 

tracking the second medical device; and 
displaying the second medical device in relation to 
the second target with the at least five degree of 
freedom information. 

[0216] The method can further comprise aligning the 
second medical instrument with the second target. 
[0217] The method can further comprise: 

determining if the alignment of the first medical de- 
vice and the second medical device are correct; and 
realigning the first and/or medical device if neces- 
sary. 

[021 8] The step of selecting the target can further in- 
clude selecting a center of a joint. 



[0219] The step of selecting the target can further in- 
clude selecting a target based upon an articulating plane 
of a joint. 

[0220] The step of selecting the target can further in- 
5 elude selecting an area between a first vertebra and a 
second vertebra for placement of an implant. 
[0221] The step of selecting the target can further in- 
clude selecting a site within an artery. 

10 

Claims 

1. A tunable implant positioned within a patient, said 
tunable implant comprising: 

15 

a securing mechanism operable to secure said 
implant within the patient; 
an actuation portion operable to permit said 
tunable implant to move; and 
20 an adjustable portion operable to permit adjust- 

ment of said tunable implant after said tunable 
implant is positioned within the patient, wherein 
upon adjusting the implant, the implant pro- 
vides improved performance. 

25 

2. The tunable implant as defined in Claim 1 wherein 
said securing mechanism includes a flange opera- 
ble to engage a bone of the patient. 

30 3. The tunable implant as defined in Claim 2 wherein 
said flange defines a passageway operable to re- 
ceive a bone screw to secure the tunable implant to 
the bone. 

35 4. The tunable implant as defined in Claim 2 or 3, fur- 
ther comprising a pair of flanges operable to secure 
a first portion and a second portion of said tunable 
implant to a pair of articulating bones. 

40 5. The tunable implant as defined in any one of the 
preceding claims, wherein said actuation portion in- 
cludes a first articulating surface and a second ar- 
ticulating surface, wherein said first articulating sur- 
face is operable to articulate with said second artic- 

45 ulating surface. 

6. The tunable implant as defined in Claim 5, wherein 
said first articulating surface is a ball and said sec- 
ond articulating surface is a socket, wherein said 

50 ball articulates within said socket. 

7. The tunable implant as defined in any one of the 
preceding claims, wherein said actuation portion in- 
cludes a bladder portion operable to permit said tun- 

55 able implant to move relative to bone. 

8. The tunable implant as defined in Claim 7, wherein 
said bladder portion is filled with fluid. 



24 



BNSDOCID: <EP 1442715A2_I_> 



47 



EP1 442 715 A2 



48 



9. The tunable implant as defined in Claim 7 or 8, 
wherein said bladder portion includes a plurality of 
bladders. 

10. The tunable implant as defined in Claim 9, wherein 
said actuation portion includes a bladder control 
system operable to adjust pressure within each of 
said plurality of bladders. 

1 1 . The tunable implant as defined in CJaim 1 0, wherein 
said bladder control system adaptively controls 
pressure in each of said plurality of bladders. 

12. The tunable implant as defined in one of Claims 7 - 
9, wherein the bladder includes at least one me- 
chanical adjustment mechanism. 

13. The tunable implant as defined in Claim 12, f urther 
comprising a force control system operable to con- 
trol the mechanical adjustment mechanism within 
the said bladder. 

14. The tunable implant as defined in Claim 10 or 13, 
further comprising at least one sensor operable to 
sense a parameter within said/each bladder. 

1 5; Thetunable implant as defined in Claim 1 4 r wherein 
said control system is further operable to receive 
sensor readings from each of said sensors. 

16. The tunable implant as defined in claim 10 or 13. 
wherein said control system is one of at least a pas- 
sive and an active control system. 

17. The tunable implant as defined in Claim 10 or 13, 
wherein said control system is operable to be con- 
trolled telemetrically in a non-surgical procedure. 

18. The tunable implant as defined in any one of the 
preceding claims, further comprising at least one 
sensor positioned within said implant and operable 
to sense a parameter 

1 9. The tunable implant as defined in Claim 1 8, wherein 
said parameter is selected from a group comprising 
temperature, pressure, stress, strain, loading force, 
tortional force, and friclional force. 

20. The tunable implant as defined in Claim 18 or 19, 
further comprising a controller operable to receive 
sensed information from said at least one sensor, 
said controller positioned within said implant. 

21. The tunable implant as defined in any one of the 
preceding claims, wherein said actuation portion is 
a mechanical actuation portion operable to be ac- 
tuated by an instrument during a minimally invasive 
procedure. 



22. The tunable implant as defined in Claim 21 , wherein 
said actuation portion includes a hinged region and 
an adjustable screw operable to be engaged by said 
instrument during the minimally invasive procedure. 

5 

23. The tunable implant as defined in any one of the 
preceding claims, wherein said actuation portion is 
an actuator operable to be actuated telemetrically 
in a non-surgical procedure. 

10 

24. The tunable implant as defined in Claim 23, wherein 
said actuation portion includes a hinged region and 
an adjustable screw wherein said actuator is oper- 
able to telemetrically adjust said adjustable screw 

is during the non-surgical procedure. 

25. The tunable implant as defined in any one of the 
preceding claims, further comprising a plurality of 
tunable implants, each including said securing 

20 mechanism, said actuation portion and said adjust- 

ment portion. 

26. The tunable implant as defined in Claim 25, further 
comprising at least one controller operable to con- 

25 trol adjustment in each of said plurality of tunable 
implants. 

27. The tunable implant as defined in Claim 26, further 
comprising at least one sensor positioned in each 

30 implant operable to forward sensed information to 
said at least one controller. 

28. The tunable implant as defined in Claim 26 or 27, 
wherein said at least one controller is operable to 

35 adaptively control each of said plurality of implants. 

29. The tunable implant as defined in Claim 26 - 28, 
wherein said at least one controller is located within 
at least one implant. 

40 

30. The tunable implant as defined in Claim 26 - 28, 
wherein said at least one controller is remote from 
each of said implants and positioned within the pa- 
tient. 

45 

31. The tunable implant as defined in Claim 26 - 30, 
wherein said at least one controller is operable to 
be controlled telemetrically. 

50 32. The tunable implant as defined in any one of the 
preceding claims, further comprising a segmented 
portion operable to enable said implant to be folded 
in a manner to make the implant substantially small- 
er than its unfolded state. 

55 

33. A tunable implant system for use in adjusting a tun- 
able implant in a patient, said tunable implant sys- 
tem comprising: 
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a tunable implant having an adjustment portion 
operable to permit adjustment of said tunable 
implant after said tunable implant is positioned 
within the patient; and 

a telemetric system operable to telemetrically 
receive data from said tunable implant, wherein 
said data is used to determine said adjustment 
of said tunable implant. 

34. The tunable implant system as defined in Claim 33 
wherein said tunable implant further includes an ac- 
tuation portion operable to permit said tunable im- 
plant to move. 

35. The tunable implant system as defined in Claim 33 
or 34 wherein said tunable implant further includes 
at least one sensor operable to sense a parameter 
within said implant, said parameter being at least 
part of said data received by said telemetric system. 

36. The tunable implant system as defined in Claim 35 
wherein said tunable implant further includes a con- 
troller operable to receive said sensed parameter 
information from said sensor and further operable 
to transmit said sensed information to said telemet- 
ric system. 

37. The tunable implant system as defined in Claim 36 
wherein said controller is at least one of a passive 
and an active controller. 

38. The tunable implant system as defined in Claim 36 
or 37 wherein said controller is further operable to 
actuate said adjustment portion to adjust said tun- 
able implant. 

39. The tunable implant system as defined in Claim 36, 
37 or 38 wherein said telemetric system is operable 
to transmit and receive data from said controller. 

40. The tunable implant system as defined in Claim 39 
wherein said telemetric system is further operable 
to charge a battery in said controller. 

41. The tunable implant system as defined in one of 
Claims 33 * 40 wherein said telemetric system fur- 
ther includes a controller operable to process said 
data received telemetrically by said telemetric sys- 
tem. 

42. The telemetric implant system as defined in Claim 
41 wherein said controller is further operable to 
transmit said data to a remote site. 

43. An instrument assembly for use in performing spinal 
surgery, said instrument assembly comprising: 

a mounting platform operable to be positioned 



adjacent to a plurality of vertebrae; and 
a jig operable to be removably attached to said 
mounting platform, said jig further operable to 
support an instrument used during the spinal 
5 surgery. 

44. The instrument assembly as defined in Claim 43 
wherein said mounting platform is further operable 
to substantially rigidly secure said plurality of verte- 

10 brae. 

45. The instrument assembly as defined in Claim 43 or 
44 wherein said jig is further operable to be selec- 
tively and removably attached to said mounting 

*5 platform, along a plurality of positions defined on 
said mounting platform. 

46. The instrument assembly as defined in one of 
claims 43 - 45, wherein said instrument is a roboti- 

20 cally controlled instrument coupled to said jig. 

47. The instrument assembly as defined in one of 
claims 43-46, wherein a location of said instrument 
is tracked utilizing a surgical navigation system. 

25 

48. The instrument assembly as defined in Claim 47 fur- 
ther comprising a tracking device attached to said 
instrument assembly and operable to be tracked by 
said surgical navigation system. 

30 

49. The instrument assembly as defined in Claim 48 
wherein said tracking device is attached to said jig. 

50. The instrument assembly as defined in Claim 48 
35 wherein said tracking device is attached to said in- 
strument attached to said jig. 

51. The instrument assembly as defined in one of 
claims 43 - 50, further comprising a plurality of jigs 

40 operable to be removably attached to said mounting 
platform, each of said jigs providing a different ori- 
entation of a working platform. 

52. The instrument assembly as defined in Claim 51 
45 wherein said jig further includes a working platform 

defining an opening for passing said instrument. 

53. A method for tuning an implant positioned within a 
patient, said method comprising: 

50 

analyzing an operation of the implant posi- 
tioned within the patient; determining if any ad- 
justment of the implant is necessary; and 
adjusting the implant while the implant is posi- 
55 tioned within the patient, wherein upon adjust- 

ing the implant, the implant provides improved 
performance. 
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